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4 , 5-SUBSTITUTED IMIDAZOLYL COMPOUNDS 
FOR THE TREATMENT OF INFLAMMATION 

FIELD OF THE INVENTION 

This invention is in the field of antiinflammatory 
pharmaceutical agents and specifically relates to 
compounds, compositions and methods for treating 
inflammation and inflammation-associated disorders, 
such as arthritis. 

BACKGROUND OF THE INVENTION 

Prostaglandins play a major role in the 
inflammation process and the inhibition of 
prostaglandin production, especially production of 
PGG2, PGH2 and PGE2, has been a common target of 
antiinflammatory drug discovery. However, common non- 
steroidal antiinflammatory drugs (NSAIDs) that are 
active in reducing the prostaglandin-induced pain and 
swelling associated with the inflammation process are 
also active in affecting other prostaglandin-regulated 
processes not associated with the inflammation process. 
Thus, use of high doses of most common NSAIDs can 
produce severe side effects, including life threatening 
ulcers, that limit their therapeutic potential. An 
alternative to NSAIDs is the use of corticosteroids, 
which have even more drastic side effects, especially 
when long term therapy is involved. 

Previous NSAIDs have been found to prevent the 
production of prostaglandins by inhibiting enzymes in 
the human arachidonic acid/prostaglandin pathway, 
including the enzyme cyclooxygenase (COX) . The recent 
discovery of an inducible enzyme associated with 
inflammation (named "cyclooxygenase-2 (COX-2)" or 
"prostaglandin G/H synthase II") provides a viable 
target of inhibition which more effectively reduces 
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inf lammation and produces fewer and less drastic side 
effects . 

The references below that disclose 
antiinflammatory activity, show continuing efforts to 
find a safe and effective antiinflammatory agent. The 
novel imidazoles disclosed herein are such safe and 
also effective antiinflammatory agents furthering such 
efforts. The invention compounds are found to show 
usefulness in vivo as antiinflammatory agents with 
minimal side effects. The substituted imidazoles 
disclosed herein preferably selectively inhibit 
cyclooxygenase-2 over cyclooxygenase-1 . 

U.S. Patent No. 4,822,805, to Takasugi et al . , 
describes pyridyl-imidazoles as antiinflammatory 
i agents. Specifically, 2- [2-methoxy-4- 

( methy lsul f ony 1 ) phenyl ] - 4 -me thy 1 - 5 - ( 3 -pyr idy 1 ) imidazo le 

is described. 

U.S. Patent No. 4,188,397, to Hill, describes 2,2- 
alkyldiy Ibis (thio)bis (imidazoles) with substituted 
0 phenyl radicals at the 4 and 5 positions of the 

imidazole rings as having antiinflammatory activity. 
Specifically, imidazoles having phenyl radicals 
substituted with methoxy, methylthio, 

trif luoromethylhalo and methy lenedioxy are described. 
5 T. Sharpe et al . [J.Med. Chem. , 28, 1188 (1985)] 

describe antiarthritic activity of 4 , 5-diaryl-2- 
(substituted thio) -lH-imidazoles . 

U.S. Patent No. 4,686,231, to Bender et al . , 
describes 4 , 5-diaryl-lH-imidazoles as inhibiting the 5- 
30 lipoxygenase pathway for the treatment of arthritis. 1- 
Methyl-4,5-bis (methoxyphenyl ) -2-methylthio-lH-imidazole 
is specifically described. 

Australian publication AU8665565 describes cyano- 
2, 2 -bis (imidazoles) as having antihypertensive agents. 
35 wo 93/14082, published July 22, 1993, describes 1- 

pyridyl-2-phenyl-imidazole derivatives for the 
treatment of interleukin-1 mediated diseases. 
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H. Greenberg et al . [ J . Org . Chem . , 31, 3951 
(1966)] describe 4- (2-oxo-5-phenyl-4-imidazolin-4- 
yl ) benzenesulf onamide in a study of the bromination 
reaction thereof. 

T. van Es and O. Backeberg [J. Chem. Soc . , 1363 
(1963)] describe the synthesis of 4 , 4 ' -imidazol-4 , 5- 
diyl] bis (benzenesulf onamide) for use in a study of 
substitution reactions on phenyl radicals. 

European publication EP 372,445, published June 
13, 1990, describes 4 , 5-diaryl-lH-imidazoles as having 
antihypercholesteroleraic activity. N-[[5-(4- 
Methylsulf onylphenyl) -4-phenyl-lH-imidazol-2- 
yl] thio]pentyl-N-octyl-N-heptylurea is specifically 
described. U.S. Patent No. 5,364,875, to Wilde, 
describes substituted imidazoles for the treatment of 
atherosclerosis. U.S. Patent No. 5,358,946, to Wilde, 
describes substituted imidazoles for the treatment of 
atherosclerosis. U.S. Patent No. 5,310,748, to 
Billheimer et al . , describes substituted imidazoles for 
the treatment of atherosclerosis. U.S. Patent No. 
5,166,214, to Billheimer et al . , describes substituted 
imidazoles for the treatment of atherosclerosis. T. 
Maduskuie et al . , [J. Med. Chem., 38, 1067 (1995)] 
describes substituted imidazoles as acyl- 
CoA: Cholesterol Acyltransf erase inhibitors 

U.S. Patent No. 4,503,065, to Wilkerson, describes 
4, 5-diaryl-2-halo-lH-imidazoles as being 
antiinflammatory. Specifically, 1- ( 1-ethoxyethyl ) -2 - 
fluoro-4, 5-bis ( 4 -methy lsulf onylphenyl ) -lH-imidazole is 
described . 

J. Lombardino (J. Med. Chem., 17, 1182 (1974)) 
describes trisubstituted imidazoles as being 
antiinflammatory, and specifically 4, 5-bis (4- 
methoxyphenyl ) -2-trif luoromethyl-lH-imidazole . 
Similarly, U.S. Patent No. 3,707,475, to Lombardino, 
describes antiinflammatory 4 , 5-diarylimidazoles . 
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Specifically, 4-chlorophenyl-5- ( 4 -methyl thiophenyl ) -2- 
trifluoromethyl-lH-imidazole is described. 

U.S. Patent No. 4,472,422, to Whitney, describes 
4,5-diaryl-lH-imidazole-2-methanamines as having 
antiinflammatory activity. Specifically, 5- (4- 
f luorophenyl) -4- (4-methylsulfonylphenyl) - 
a, a -bis (trif luoromethyl) -1H- imidazole- 2 -methanamine is 
described . 

U.S. Patent No. 4,372,964, to Whitney, describes 
4,5-diaryl-lH-imidazole-2-methanols as having 
antiinflammatory activity. Specifically, 5- (4- 
f luorophenyl) -4- (4-methylsulf onylphenyl ) - 
a, a -bis (trif luoromethyl) -lH-imidazole-2-methanol is 
described. Additionally, Whitney describes l-[4,5- 
15 diaryl-lH-imidazol-2-yl] -2,2, 2-trif luoro-l-ethanones 
as having antiinflammatory activity. Specifically, 1- 
[5- (4 -f luorophenyl) -4- (4-methylsulf onylphenyl) -1H- 
imidazol-2-yl]-2,2,2-trifluoro-l-ethanone is described. 

U.S. Patent No. 4,576,958, to Wexler. describes 4- 
phenyl-5- (4-methylsulfonylphenyl) -1H- imidazoles as 
having antiinflammatory activity. Specifically, 4- (4- 
f luorophenyl) -5- ( 4-methylsulf onylphenyl ) -a, a 
-bis ( trif luoromethyl )-lH-imidazole-2 -methanol and 4- (4- 
f luorophenyl) -5- (4-methylsulfonylphenyl) -a, a 
-bis (trif luoromethyl) - lH-imidazole-2 -methanol , acetate 
is described. U.S. Patent No. 4,632,930, to Carini et 
al., claims cycloalkyl substituted imidazoles, and 
specifically 4-cyclopentyl-5- ( 4-methylsulf onyl ) -a, a- 
bis (trif luoromethyl) -lH-imidazole-2-methanol, as having 

30 antihypertensive properties. 

U.S. Patent No. 3,901,908, to Fitzi, et al., 
describes 2-alkyl-4 , 5-bis (substituted phenyl) -1H- 
imidazoles. Specifically, 2- tert-butyl-4- (4- 
methylsulf onylphenyl) -5-phenyl-lH- imidazole is 

35 described. French patent 2,081,407 describes. 4 , 5- 
phenyimidazoles as antiinflammatory agents. 



20 



25 



SUBSTITUTE SHEET (RULE 26) 



WO 96/03387 



PCT/US95/09505 



5 



4 , 5-Diarylimidazoles have been described in 
WO95/00501, published January 5, 1995, as having 
antiinflammatory activity . 

The invention's imidazolyl compounds are found to 
show usefulness in vivo as antiinflammatory agents with 
minimal side effects. 



A class of substituted imidazolyl compounds useful 
in treating inflammation-related disorders is defined 
by Formula I: 



wherein R 1 is selected from alkyl, haloalkyl, 
aralkyl, heterocyclicalkyl, heteroaralkyl , acyl, cyano, 
mercapto, alkoxy, alkylthio, alkylthioalkyl , 
alky lsulf onyl, haloalkylsulf onyl , arylsulf onyl , halo, 
hydroxyalkyl, alkylcarbonyl , arylcarbonyl, 
aralky lcarbonyl , cyanoalkyl , aralkenyl , aminoalkyl , 
alkylaminoalkyl , N-arylaminoalkyl , N-alkyl -N-aryl- 
aminoalky 1 , carboxyalkyl , alkoxycarbonylalkyl , 
alkoxycarbonyl , haloalkylcarbony 1 , carboxyl , 
alkoxyalky 1 , alkeny loxyalkyl , aminocarbonyl , 
alkylaminocarbonyl , alkylaminocarbonylalkyl , 
heteroaralkoxyalkyl , heteroaryloxyalkyl , 
heteroarylthioalkyl , heteroarylalky lthioalkyl , 
aralkoxy, aralkylthio, heteroaralkoxy , 
heteroaralkylthio , het eroary loxy , heteroarylthio , 
aryl thioalkyl , arylsulf onyl , aralkylsulf onyl , 
heteroarylsulf onyl, heteroarylalkylsulf onyl , 
aryloxyalkyl, arylthio, aryloxy, aralkylthioalkyl r 
aralkoxyalkyl, alkoxyaralkoxyalkyl , aryl and 



DESCRIPTION OF THE INVENTION 




I 
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heteroaryl, wherein the aryl and heteroaryl radicals 
are optionally substituted at a substitutable position 
with one or more radicals selected from halo, 
alkylthio, alkylsulf inyl , alkyl, cyano, haloalkyl, 
5 hydroxy 1, alkoxy, hydroxyalkyl and haloalkoxy; 

wherein R 2 and R 3 are independently selected from 
cycloalkyl, cycloalkenyl, heterocyclo and aryl, wherein 
the cycloalkyl, cycloalkenyl, heterocyclo and aryl 
radicals are substituted with one or more radicals 
10 selected from hydrido, halo, alkylthio, alkylsulf inyl , 
alkylsulf onyl, aminosulf onyl , haloalkylsulf onyl , alkyl, 
cyano, carboxyl , alkoxy carbonyl , haloalkyl, hydroxyl, 
alkoxy, hydroxyalkyl, alkoxyalkyl, haloalkoxy, amino, 
alkylamino, arylamino and nitro; and 
15 wherein R 4 is selected from hydrido, alkyl and 

acyl; 

provided one of R 2 and R 3 is phenyl substituted 
with a radical selected from alkylsulf onyl or 
aminosulf onyl; further provided R 1 is not 
2 0 a, a -bis (trif luorome thy 1) methanol, 

a, a -bis ( trif luoromethyl ) methanamine , 
a, a -bis (trif luoromethyl) methanol, acetate ester, or 
trifluoroacetyl when R 3 is 4-methylsulf onylphenyl and 
when R 1 is hydrido; and further provided R 1 is not 
25 alkyl when R 3 is 4-methylsulf onylphenyl and R 2 is 

phenyl optionally substituted with methyl, methoxy or 
chloro; or a pharmaceutically-acceptable salt thereof. 

The phrase "further provided", as used in the 
above description, is intended to mean that the denoted 
3 0 proviso is not to be considered conjunctive with any of 
the other provisos. 

Compounds of Formula I would be useful for, but 
not limited to, the treatment of inflammation in a 
subject, and for treatment of other inf lammation- 
35 associated disorders, such as, as an analgesic in the 
treatment of pain and headaches, or as an antipyretic 
for the treatment of fever. For example, compounds of 
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the invention would be useful to treat arthritis, 
including but not limited to rheumatoid arthritis, 
spondyloarthopathies, gouty arthritis, osteoarthritis, 
systemic lupus erythematosus and juvenile arthritis. 
5 Such compounds of the invention would be useful in the 
treatment of asthma, bronchitis, menstrual cramps, 
tendinitis, bursitis, and skin related conditions such 
as psoriasis, eczema, burns and dermatitis. Compounds 
of the invention also would be useful to treat 

10 gastrointestinal conditions such as inflammatory bowel 
disease, Crohn's disease, gastritis, irritable bowel 
syndrome and ulcerative colitis and for the prevention 
of colorectal cancer. Compounds of the invention would 
be useful in treating inflammation in such diseases as 

15 vascular diseases, migraine headaches, periarteritis 
nodosa, thyroiditis, aplastic anemia, Hodgkin's 
disease, sclerodoma, rheumatic fever, type I diabetes, 
myasthenia gravis, multiple sclerosis, sarcoidosis, 
nephrotic syndrome, Behcet's syndrome, polymyositis, 

20 gingivitis, hypersensitivity, conjunctivitis, swelling 
occurring after injury, myocardial ischemia, and the 
like. The compounds were also be useful in the 
treatment of ophthalmic diseases such as retinitis, 
retinopathies, uveitis, and of acute injury to the eye 

25 tissue. The compounds would also be useful for the 

treatment of certain central nervous system disorders 
such as Alzheimer's disease and dementia. The compounds 
of the invention are useful as ant i- inflammatory 
agents, such as for the treatment of arthritis, with 

3 0 the additional benefit of having significantly less 
harmful side effects. These compounds would also be 
useful in the treatment of allergic rhinitis, 
respiratory distress syndrome, endotoxin shock 
syndrome, atherosclerosis and central nervous system 

3 5 damage resulting from stroke, ischemia and trauma. 

Besides being useful for human treatment, these 
compounds are also useful for treatment of mammals, 
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including horses, dogs, cats, rats, mice, sheep, pigs, 
etc . 

The present compounds may also be used in co- 
therapies, partially or completely, in place of other 
conventional antiinflammatories, such as together with 
steroids, NSAlDs, 5 -lipoxygenase inhibitors, LTB 4 
antagonists and LTA 4 hydrolase inhibitors. 

Suitable LTB 4 inhibitors include, among others, 
ebselen, Bayer Bay-x-1005, Ciba Geigy compound CGS- 
25019C, Leo Denmark compound ETH-615, Lilly compound 
LY-293111, Ono compound ONO-4057, Terumo compound TMK- 
688, Lilly compounds LY-213024, 264086 and 292728, ONO 
compound ONO-LB457, Searle compound SC-53228, 
calcitrol, Lilly compounds LY-210073, LY223982, 
LY233469, and LY255283, ONO compound ONO-LB-448, Searle 
compounds SC-41930, SC-50605 and SC-51146, and SK&F 
compound SKF-104493 . Preferably, the LTB 4 inhibitors 
are selected from ebselen, Bayer Bay-x-1005, Ciba Geigy 
compound CGS-25019C, Leo Denmark compound ETH-615, 
0 Lilly compound LY-293111, Ono compound ONO-4057, and 
Terumo compound TMK-688. 

Suitable 5-LO inhibitors include, among others, 
masoprocol, tenidap, zileuton, pranlukast, tepoxalin, 
rilopirox, flezelastine hydrochloride, enazadrem 
5 phosphate, and bunaprolast. 

As, illustrated, the imidazoles of Formula II and 
II' are magnetically and structurally equivalent 
because of the prototropic tautomeric nature of the 
acidic hydrogen t A. R . Katritzky and C.W. Rees, 
;0 "Imidazoles and their Benzo Derivatives" 

Comprehensive Heterocyclic Chemistry, Vol. 5, 3 63- 
365 (1984)]: 
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The present invention preferably includes 
compounds which selectively inhibit cyclooxygenase II 
over cyclooxygenase I. Preferably, the compounds have 
a cyclooxygenase II IC50 of less than about 0.5 pM, and 
also have a selectivity ratio of cyclooxygenase II 
inhibition over cyclooxygenase I inhibition of at least 
5, and more preferably of at least 100. Even more 
preferably, the compounds have a cyclooxygenase I IC50 
of greater than about 2.5 nM, and more preferably of 
greater than 50 |iM. Such preferred selectivity may 
indicate an ability to reduce the incidence of common 
NSAlD-induced side effects. 

A preferred class of compounds consists of those 
compounds of Formula I wherein R 1 is selected from 
lower alkyl, lower haloalkyl, lower aralkyl, lower 
heterocyclicalkyl, lower heteroaralkyl , acyl, cyano, 
mercapto, lower alkoxy, lower alkylthio, lower 
alkylthioalkyl, lower alkylsulf onyl , lower 
haloalkylsulfonyl, lower arylsulf onyl , halo, lower 
hydroxyalkyl, lower alkoxyalkyl, lower alkenyloxyalkyl , 
lower alkylcarbonyl, lower arylcarbonyl , lower 
aralkylcarbonyl , lower cyanoalkyl, lower aralkenyl, 
lower aminoalkyl, lower alkylaminoalkyl , lower N- 
ar^laminoalkyl, lower N-alkyl-N-ary laminoalkyl , lower 
carboxyalkyl , lower alkoxycarbonylalkyl , lower 
alkoxycarbonyl, lower haloalkylcarbonyl , carboxyl, 
aminocarbonyl, lower alkylaminocarbonyl , lower 
alkylaminocarbonylalkyl, lower aralkoxy, lower 



SUBSTITUTE SHEET (RULE 26) 



WO 96/03387 



PCT/US95/09505 



10 



aralkylthio, phenylsulf onyl , lower aralkylsulf onyl , 
lower heteroaralkoxy, lower heteroaralkylthio , lower 
heteroarylalkoxyalkyl, lower heteroaryloxyalkyl , lower 
heteroarylthioalkyl, lower heteroarylalkylthioalkyl, 
5 heteroaryloxy, heteroarylthio, lower arylthioalkyl , 
lower aryloxyalkyl, lower arylthio, aryloxy, lower 
aralkylthioalkyl, lower aralkoxyalkyl , lower 
alkoxyaralkoxyalkyl, aryl and heteroaryl, wherein the 
aryl and heteroaryl radicals are optionally substituted 
10 at a substitutable position with one or more radicals 
selected from halo, lower alkylthio, lower 
alkylsulfinyl, lower alkyl, cyano, lower haloalkyl, 
lower hydroxy 1, lower alkoxy, lower hydroxyalkyl and 
lower haloalkoxy; wherein r2 and R 3 are independently 
15 selected from heteroaryl, lower cycloalkyl, lower 

cycloalkenyl, and aryl, wherein the heteroaryl, lower 
cycloalkyl, lower cycloalkenyl, and aryl radicals are 
substituted with one or more radicals selected from 
hydride, halo, lower alkylthio, lower alkylsulfinyl, 
20 lower alkylsulf onyl , aminosulf onyl , lower 

haloalkylsulfonyl, lower alkyl, cyano, carboxyl, lower 
alkoxycarbonyl , lower haloalkyl, hydroxyl , lower 
alkoxy, lower hydroxyalkyl, lower alkoxyalkyl, lower 
haloalkoxy, amino, lower alkylamino, arylamino and 
25 nitro; and wherein R 4 is selected from hydrido, lower 
alkyl and acyl; or a pharmaceutically-acceptable salt 

thereof. 

A more preferred class of compounds consists of 
those compounds of Formula I wherein R 1 is selected 

3 0 from lower alkyl, lower haloalkyl, lower hydroxyalkyl, 
lower alkoxyalkyl, lower alkenyloxyalkyl , mercapto, 
lower alkylcarbonyl, lower haloalkylcarbonyl , 
phenylcarbonyl, lower aralky lcarbonyl , lower aralkenyl, 
lower aryloxyalkyl, lower aralkyloxyalkyl , lower 

35 arylsulfonyl, lower aralkylsulf onyl , lower 

arylthioalkyl, lower heteroarylalkylthioalkyl, and 
heteroaryl selected from 2-thienyl, 2-furyl, 3-furyl, 
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2-pyridyl, 4-pyridyl and 2 -benzof uryl ; wherein R 2 and 
R 3 are independently selected from heteroaryl, 
cycloalkyl and aryl, wherein the heteroaryl, cycloalkyl 
and aryl radicals are substituted at a substitutable 
5 position with one or more radicals selected from 

hydrido, halo, lower alkylthio, lower alkylsulf inyl , 
lower alkylsulf onyl, aminosulf onyl , lower alkyl , cyano, 
carboxyl, lower alkoxycarbonyl , lower haloalkyl, 
hydroxyl, lower alkoxy, lower hydroxyalkyl , lower 
10 alkoxyalkyl, lower haloalkoxy, amino, lower alkylamino, 
phenylamino and nitro; and wherein R 4 is selected from 
hydrido, lower alkyl and acyl; or a pharmaceutically- 
acceptable salt thereof. 

A class of compounds of particular interest 
15 consists of those compounds of Formula I wherein R 1 is 
selected from methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, tert-butyl, pentyl, hexyl, f luoromethyl , 
dif luoromethyl , trif luoromethyl , chloromethyl , 
dichloromethyl , trichloromethyl , pentaf luoroethyl , 
20 heptaf luoropropyl , dif luorochloromethyl , 

dichlorof luoromethyl , dif luoroethyl , dif luoropropyl , 
dichloroethy 1 , dichloropropy 1 , mercapto , hydroxymethy 1 , 
hydroxyethyl , methoxymethyl , methoxyethyl , 
ethoxymethyl , propylenyloxymethyl , me thy 1 car bony 1 , 
25 trif luoromethylcarbonyl , phenyl carbonyl , 
benzylcarbonyl , phenylethylcabonyl , 
pheny lpropylcarbony 1 , 2 -bromo-benzy Icarbonyl , 2 - 
phenylethenyl , phenoxymethyl , benzyloxy methyl , 
phenylthiomethy 1 , quinolylmethylthiomethy 1 , 
30 pheny Isulf onyl, benzylsulf onyl , 3-furyl, 2 -f uryl, 2- 
benzofuryl; wherein R 2 and R 3 are independently 
selected from phenyl, naphthyl, biphenyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclohexenyl , 
benzof uryl, benzodioxolyl , furyl, imidazolyl, thienyl, 
3 5 thiazolyl, pyrrolyl, oxazolyl, isoxazolyl, triazolyl, 
pyrimidinyl, quinolinyl, benzimidazolyl , indolyl, 
pyrazolyl and pyridyl, wherein R 2 and R 3 are 
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substituted at a subst itutable position with one or 
more radicals selected from hydrido, fluoro, chloro, 
bromo, iodo, methyl, ethyl, isopropyl, tert -butyl, 
isobutyl , f luoromethyl , dif luoromethyl , 
trif luoromethyl , chloromethy 1 , dichloromethyl , 
trichloromethyl , pentaf luoroethyl , heptaf luoropropyl , 
dif luorochloromethyl , dichlorof luoromethyl , 
dif luoroethyl , dif luoropropyl , dichloroethyl , 
dichloropropyl , methylsulf onyl , aminosulf onyl , cyano , 
methoxy, ethoxy, isopropoxy, tert-butoxy, propoxy, 
butoxy, isobutoxy, pentoxy, methylenedioxy , amino, 
trif luoromethoxy , cyano, car boxy 1, methoxy carbonyl , 
ethoxycarbonyl , isopropoxy carbonyl , tert- 
butoxycarbony 1 , propoxy carbonyl , butoxycarbony 1 , 
isobutoxycarbonyl, pentoxycarbonyl , hydroxy 1, nitro, 
methylsulf inyl, butylsulf inyl , hydroxymethyl , 
methoxy methyl, ethoxymethyl , methylamino, N,N- 
dimethylamino, phenylamino, methylthio, ethylthio, 
propylthio and butylthio; and wherein R 4 is selected 
from methyl, ethyl, hydrido, methyl carbonyl and 
trif luoromethylcarbonyl; or a pharmaceutically- 
acceptable salt thereof. 

A family of specific compounds of particular 
interest within Formula I consists of compounds and 
pharmaceutically-acceptable salts thereof as follows: 

5- (3-chlorophenyl) -4- ( 4 -methylsulf onylphenyl ) -2- 

trif luoromethyl -1H- imidazole; 
5- (3-chloro-4-methylphenyl) -4- { 4-methylsulf onylphenyl ) - 

2 - tr if luoromethyl -1H- imidazole; 
5- (3-f luorophenyl) -4- ( 4-methylsulf onylphenyl ) -2- 

tri f luoromethyl - 1H- imidazole ; 
5- (3-chloro-4-methoxyphenyl) -4- (4- 

methylsulf onylphenyl) -2-trif luoromethyl-lH- 

imidazole ; 

5- (2, 4-dichlorophenyl) -4- (4-methylsulf onylphenyl ) -2- 
tr i f luoromethyl - 1H- imidazol e ; 
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5- ( 4 -bromophenyl ) -4- ( 4-methylsulf onylphenyl ) -2- 

trif luoromethy 1-1H- imidazole; 
4 - { 4 -methylsulf onylphenyl ) -2 -trif luoromethyl- 
5- ( 4-trif luoromethylphenyl ) -lH-imidazole; 
5 4- (4-methylsulf onylphenyl) -2 - tr i f luoromethy 1- 
5- ( 4-trif luoromethoxyphenyl ) -lH-imidazole; 
5- (4-ethylphenyl ) -4- (4-methylsulf onylphenyl ) -2- 

trif luoromethy 1-1H- imidazole; 
5- (4-butylphenyl ) -4- (4-methylsulf onylphenyl) -2- 
10 trif luoromethy 1-1H- imidazole ; 

5- (4-butoxyphenyl) -4- ( 4-methylsulf onylphenyl) -2- 

trif luorome thy 1-1H- imidazole; 

4- (4-methylsulf onylphenyl) -5- ( 4 -methyl thiophenyl ) -2- 
trif luoromethyl-lH-imidazole ; 

15 5- (3 , 5-dichloro-4-methoxyphenyl ) -4- (4- 

■ methylsulf onylphenyl) -2-trif luoromethy 1-1H- 
imidazole; 

5- (3 , 5-dichloro-4-methylphenyl ) -4- (4- 
methylsulf onylphenyl) -2-trif luoromethyl-lH- 

20 imidazole; 

5- [4- ( 4-methylsulf onylphenyl) -2-trif luoromethyl-lH- 

imidazol-5-yl] -1, 3-benzodioxole; 
2- (4-chlorophenoxy)methyl-5- (4-chlorophenyl) -4- (4- 

methylsulf onylphenyl ) -lH-imidazole; 

2 5 5- (4-chlorophenyl) -2- [ ( 4 -fluorophenoxy) methyl] -4- (4- 

methylsulf onylphenyl ) - 1H- imidazole; 
5- (4-chlorophenyl) -4- ( 4-methylsulf onylphenyl ) -2- 

(phenylthiomethyl ) -lH-imidazole; 
5- (4-chlorophenyl) -2- [ ( 4-methoxybenzyloxy ) methyl ] -4- (4- 
30 methylsulf onylphenyl ) -lH-imidazole ; 

2-benzyl-5- (4-chlorophenyl) -4- ( 4-methylsulf onylphenyl ) - 

lH-imidazole; 
5- (4-chlorophenyl) -4- ( 4-methylsulf onylphenyl ) -2- 

(phenylethyl ) -lH-imidazole ; 

3 5 5- (4-chlorophenyl) -4- ( 4-methylsulf onylphenyl ) -2- 

( phenyl carbony 1 ) -lH-imidazole ; 
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5- (4-chlorophenyl) -4- ( 4 -methy lsulf ony lphenyl ) -2- 

phenoxymethy 1 - 1H- imidazole ; 
5- (4-chlorophenyl) -4- ( 4 -methylsulf ony lphenyl ) -2- (2- 

phenyl- trans -eth-l-ene) -1H- imidazole; 
2- (2-benzofuryl) -5- (4-chlorophenyl) -4- ( 4- 

methylsulf ony lphenyl ) -IH-imidazole; 
5- (4-chlorophenyl) -4- ( 4 -methy lsulf ony lphenyl ) -2- (2- 

furyl) -IH-imidazole; 
2-benzylthio-5- (4-chlorophenyl) -4- [4- 

(methylsulf ony 1) phenyl] imidazole; 
5- (4-chlorophenyl) -4- [4- (methylsulf onyl ) phenyl] -2- 

(trif luoromethyl) -IH-imidazole; 
5- (4-chlorophenyl) -2- (3-furyl) -4- [4- 

(methylsulf onyl) phenyl] -IH-imidazole; 
4 - ( 4 -methy lsul f ony lphenyl ) - 5 -phenyl - 2 -phenoxyme thy 1 - 1H- 

imidazole; 

4- (4 -methy lsul fonylphenyl) -5-phenyl-2- (2 -phenyl- trans - 

eth-l-ene) -IH-imidazole; 
2- (2-benzofuryl) -4- ( 4-methylsulf ony lphenyl ) -5-phenyl- 

lH-imidazole; 

2- (2-furyl) -4- ( 4-methylsulf ony lphenyl ) -5 -phenyl -1H- 
imidazole ; 

2-benzylthio-4- [4- (methylsulf onyl) phenyl] -5-phenyl- 
imidazole; 

4- [4- (methy lsulf onyl) phenyl] -5-phenyl-2- 

(trif luoromethyl) -1H- imidazole ; 
2- (3-furyl) -4- [4- (methylsulf onyl) phenyl] -5 -phenyl -1H- 

imidazole; 

4_ [5_ (3-chlorophenyl) -2-trif luoromethyl-lH-imidazol-4- 

yl ] benzenesulf onamide ; 
4 - [5- { 3 -chloro-4 -methy lphenyl) -2-trif luoromethyl-lH- 

imidazol - 4 -y 1 ] benzenesul f onamide ; 
4_ [5_ (3-f luorophenyl) -2-trif luoromethyl-lH-imidazol-4 - 

yl ] benzenesulf onamide ; 
4- [5- (3-chloro-4-methoxyphenyl) -2-trif luoromethyl-lH- 

imidazol-4-yl ] benzenesulf onamide ; 
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4- [5- (2, 4-dichlorophenyl) -2-trif luoromethyl-lH- 

imidazol - 4 -yl ] benzenesul f onamide ; 
4- [5- (4-bromophenyl) -2 -trif luoromethyl-lH-imidazol-4- 

y 1 ] benzenesul f onamide ; 
4- [2-trif luoromethyl-5- (4-trif luoromethylphenyl ) -1H- 

imidazol - 4 -y 1 ] benzenesul f onamide ; 
4- [2-trif luoromethyl-5- (4-trif luoromethoxyphenyl ) -1H- 

imidazol- 4 -yl] benzenesulf onamide; 
4- [5- (4-ethylphenyl) -2 -trif luoromethyl-lH-imidazol-4- 

yl] benzenesulf onamide; 
4- [5- (4-butylphenyl) -2 -trif luoromethyl-lH-imidazol-4- 

yl ] benzenesulf onamide ; 
4- [5- (4-butoxyphenyl) -2-trif luoromethyl-lH-imidazol-4- 

yl] benzenesul f onamide; 
4- [5- (4-methylthiophenyl) -2-trif luoromethyl-lH- 
imidazol - 4 -y 1 ] benzenesul f onamide ; 

4- [5- (3 , 5-dichloro-4-methoxyphenyl ) -2-trif luoromethyl- 
1H- imidazol - 4 -y 1 ] benz enesul f onamide ; 

5- (3 , 5-dichloro-4-methylphenyl) -2-trif luoromethyl-lH- 
imidazol - 4 -y 1 ] benz enesul f onamide ; 

5- [4- (4-aminosulfonylphenyl) -2-trif luoromethyl-lH- 

imidazol-5-yl] -1, 3-benzodioxole; 
4- [2- (4-chlorophenoxy)methyl-5- (4-chlorophenyl) -1H- 

imidazol - 4 -y 1 ] benzenesulf onamide ; 
4- [5- (4-chlorophenyl) -2- [ (4-f luorophenoxy ) methyl] -1H- 

imidazol- 4 -yl ] benzenesul f onamide ; 
4- [5- (4-chlorophenyl) -2- (phenylthiomethyl ) -lH-imidazol- 

4 -y 1 ] benzenesul f onamide ; 
4- [5- (4-chlorophenyl) -2- [ ( 4 -methoxybenzyloxy) methyl] - 

1H- imidazol- 4 -yl] benzenesulf onamide; 
4- [2-benzyl-5- (4-chlorophenyl) -lH-imidazol-4- 

y 1 ] benzenesul f onamide ; 
4- [5- (4-chlorophenyl) -2- (phenylethyl ) -lH-imidazol-4- 

y 1 ] benzenesul f onamide ; 
4- [5- (4-chlorophenyl) -2- (phenylcarbonyl ) -lH-imidazol-4- 

y 1 ] benzenesul f onamide ; 
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4- [5- (4-chlorophenyl) -2-phenoxymethyl-lH-imidazol-4- 

y 1 ] benzenesulf onamide ; 
4- [5- (4-chlorophenyl) -2- (2-phenyl- trans-eth-l-ene) -1H- 

imidazol-4-yl] benzenesulf onamide; 
5 4- [2- (2-benzofuryl) -5- ( 4-chlorophenyl ) -lH-imidazol-4- 

y 1] benzenesulf onamide ; 
4_ [5 _ (4-chlorophenyl) -2- (2-furyl) -lH-imidazol-4 - 

y 1 ] benzenesulf onamide ; 
4 - [ 2 -benzy 1 thio- 5 - ( 4-chlorophenyl ) - lH-imidazol - 4 - 
10 yi ] benzenesulf onamide ; 

4- [5- (4-chlorophenyl) -2- (trif luoromethyl) -lH-imidazol- 

4 -y 1 ] benzenesul f onamide ; 
4- [5- (4-chlorophenyl) -2- (3-furyl) -lH-imidazol-4- 

yl] benzenesulf onamide ; 
15 4- [5-phenyl-2-phenoxymethyl-lH-imidazol-4- 

yl] benzenesulf onamide ; 
4- [5-phenyl-2- (2-phenyl- trans -eth-l-ene) -lH-imidazol-4- 

yl] benzenesulf onamide ; 
4- [2- (2-benzofuryl) -5-phenyl-lH-imidazol-4- 

20 yl] benzenesulf onamide; 

4- [2- (2-furyl) -5-phenyl-lH-imidazol-4- 

y 1 ] benzenesulf onamide ; 
4- [2-benzylthio-5-phenyl-imidazol-4- 
y 1 ] benzenesulf onamide ; 
25 4- [5-phenyl-2- (trif luoromethyl) -lH-imidazol-4- 
y 1 ] benzenesulf onamide ; 

4- [2- (3-furyl) -5-phenyl-lH-imidazol-4- 
y 1 ] benzenesulf onamide ; 

5- (4-f luorophenyl) -4- ( 4-methylsulf onylphenyl) -2- 
3 o trif luoromethyl -1H- imidazole ; 

5- (4-f luorophenyl) -4- ( 4-methylsulf onylphenyl ) -2- 

phenoxyme thy 1 - 1H- imidazole , • 
5- (4-f luorophenyl) -4- (4-methylsulf onylphenyl) -2- (2- 

phenyl- trans -eth-l-ene) -lH-imidazole; 
35 2- (2-benzofuryl) -5- (4-f luorophenyl) -4- (4- 
methylsulf onylphenyl) -lH-imidazole; 
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5- (4-f luorophenyl ) -2- (2-furyl) -4- ( 4- 

methylsulf onylphenyl ) -lH-imidazole; 
5- (4-f luorophenyl) -2 -methyl- 4- ( 4 -me thy lsulf onylphenyl ) - 

1H- imidazole ; 
5 5- (4-f luorophenyl) -2-isopropyl-4- (4- 

methylsulf onylphenyl ) -lH-imidazole ; 
5- ( 4-f luorophenyl ) -2 -hydroxymethyl-4 - (4- 

methylsulf onylphenyl ) -lH-imidazole; 
2-benzylthio-5- ( 4-f luorophenyl ) -4- [4- 
10 (methylsulf onyl ) phenyl] imidazole; 

5- (3-f luoro-4-methoxyphenyl ) -4- [4- 

( methylsulf onyl) phenyl] -2- ( trif luoromethyl ) -1H- 

imidazole; 

5- (4-chlorophenyl) -4- [4- (methylsulf onyl ) phenyl] -2- 
15 (trif luoromethyl) -lH-imidazole; 

5'- (2-chlorophenyl) - 4- [4- (methylsulf onyl) phenyl] -2- 

( trif luoromethyl ) -lH-imidazole; 
5- (3 , 4-dichlorophenyl) -4- [4- (methylsulf onyl ) phenyl ] -2- 
(trif luoromethyl) -lH-imidazole; 
20 4- [4- (methylsulf onyl) phenyl] -5- (2-naphthyl) -2- 
( trif luoromethyl ) -lH-imidazole ; 
5- (4-methoxyphenyl) -4- [4- (methylsulf onyl ) phenyl ] -2- 

(trif luoromethyl ) -lH-imidazole; 
5- (4-methylphenyl) -4- [4- (methylsulf onyl) phenyl] -2- 
25 (trif luoromethyl) -lH-imidazole; 

5- (2 , 4 -dif luorophenyl ) -4- [4- (methylsulf onyl ) phenyl ] -2- 

( trif luoromethyl) -lH-imidazole; 
5- (3 , 4 -dif luorophenyl) -4- [4- (methylsulf onyl ) phenyl] -2- 
( trif luoromethyl ) -lH-imidazole ; 
3 0 4- [4- (methylsulf onyl ) phenyl ] -5 -phenyl -2- 
( trif luoromethyl ) -lH-imidazole; 
5- (4-f luorophenyl) -2- (3-furyl) -4- (4- 

methy lsulf onylphenyl ) - 1H- imidazole ; 
4- [5- (4-f luorophenyl) -2- (trif luoromethyl) -lH-imidazol- 
3 5 4 -y 1 ] benzenesul f onamide ; 

4- [5- (4-f luorophenyl) -2-phenoxymethyl-lH-imidazol-4- 
yl ] benzenesulf onamide ; 
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4- [5- { 4-f luorophenyl ) -2- ( 2 -phenyl - trans -eth- i -ene ) -1H- 

imidazol-4-yl ] benzene sulfonamide ; 
4- [ 5- (4-f luorophenyl) -2- (2-benzofuryl) -lH-imidazol-4 - 
y 1 ] benzenesulf onamide ; 
5 4- [5- (4-f luorophenyl ) -2-isopropyl-lH-imidazol-4- 
y 1 ] benzenesulf onamide ; 
4- [5- (4-f luorophenyl) -2 -methyl -lH-imidazol-4- 

yl] benzenesulf onamide ; 
4- [5- (4-f luorophenyl) -2- (2-furyl) -lH-imidazol-4- 
10 yl] benzenesulf onamide ; 

4- [2-benzylthio-5- (4-f luorophenyl) -lH-imidazol-4- 

yl] benzenesulf onamide ; 
4- [5- (4-f luorophenyl) -2-hydroxymethyl-lH-imidazol-4- 
y 1 ] benzenesulf onamide ; 
15 4- [5- (3-f luoro-4-methoxyphenyl) -2- ( trif luoromethyl ) -1H- 
imidazol - 4 -y 1 ] benzenesulf onamide ; 
4- [5- (4-chlorophenyl) -2- ( trif luoromethyl ) -lH-imidazol- 

4-yl ] benzenesulf onamide; 
4- [5- (2-chlorophenyl) -2- ( trif luoromethyl ) -lH-imidazol- 
20 4 -y 1 ] benzenesul f onamide ; 

4- [5- (3 , 4-dichlorophenyl) -2- (trif luoromethyl ) -1H- 

imidazol - 4 -y 1 ] benzenesulf onamide ; 
4- [5- (2-naphthyl) -2- (trif luoromethyl) -lH-imidazol-4- 
yl] benzenesulf onamide; 
25 4- [5- (4-methoxyphenyl) -2- (trif luoromethyl ) -lH-imidazol- 
4 -yl] benzenesulf onamide; 
4- [5- (4-methylphenyl) -2- (trif luoromethyl ) -lH-imidazol- 

4-yl ] benzenesulf onamide ; 
4- [5- (2, 4 -dif luorophenyl) -2- { trif luoromethyl ) -1H- 
3 0 imidazol-4-yl] benzenesulf onamide; 

4- [5- (3 , 4 -dif luorophenyl) -2- (trif luoromethyl ) -1H- 

imidazol-4-yl ] benzenesulf onamide ; 
4- [5-phenyl-2- (trif luoromethyl ) -lH-imidazol-4- 
yl] benzenesulf onamide ; 
35 4- [5- (4-f luorophenyl) -2- (3-furyl) -lH-imidazol-4 - 
y 1 ] benzenesulf onamide ; 
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4- (3 , 4-dimethoxyphenyl ) -5- [4- (methylsulf onyl ) phenyl ] - 
2- ( trif luoromethyl ) -IH-imidazole ; 

4- (4-methoxy-3-methylphenyl) -5 - [ 4 - 

(methylsulf onyl) phenyl] -2- ( trif luoromethyl ) -1H- 
5 imidazole; 

5- (4-f luorophenyl) -l-methyl-4- [4- 

(methylsulf onyl ) phenyl] -2- (trif luoromethyl) -1H- 
imidazole; 

4- ( 4 -f luorophenyl ) -1 -methyl -5- [4- 

10 (methylsulf onyl ) phenyl] -2- (trif luoromethyl ) -1H- 

imidazole; 

5- (3 , 5-dimethylphenyl) -4- [4- (methylsulf onyl ) phenyl] -2- 

( trif luoromethyl) -IH-imidazole; 
5- (5-bromothien-2-yl) -4- [4- (methylsulf onyl ) phenyl] -2- 
15 (trif luoromethyl) -IH-imidazole; 

N, N- dimethyl -4- [ 4- [4- (methylsulf onyl) phenyl] -2- 

( trif luoromethyl ) -lH-imidazol-5-yl] benzenamine; 
4- (4-f luorophenyl) -5- [4- (methylsulf onyl) phenyl] -1H- 
imidazole-2-thiol ; 
20 2- [ [ [4- (4-f luorophenyl) -5- [4- (methylsulf onyl ) phenyl ] - 
lH-imidazol-2-yl] thio ] methyl ] quinoline; 

4- (4-f luorophenyl ) -5- [4- (methylsulf onyl) phenyl] -2- 

[ (phenylmethyl) sulfonyl] -IH-imidazole; 

5- (3 , 5-dimethyl-4-methoxyphenyl) -4- [4- 

25 (methylsulf onyl) phenyl] -2- (trif luoromethyl ) -1H- 

imidazole; 

5- [3-f luoro-4- (methyl thio) phenyl] -4- [ 4- 

(methylsulf onyl) phenyl] -2- (trif luoromethyl) -1H- 
imidazole ; 
30 5- (3-chloro-5-methylphenyl) -4- [4- 

(methylsulf onyl) phenyl] -2- (trif luoromethyl ) -IH- 
imidazole; 

5- [3-chloro-4- (methyl thio) phenyl] -4- [4- 

(methylsulf onyl ) phenyl] -2- (trif luoromethyl ) -1H- 
3 5 imidazole; 
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5- (3-f luoro-4-methylphenyl ) -4- [4- 

(methylsulfonyl) phenyl] -2- ( trif luoromethyl ) -1H- 

imidazole ; 
1- [5- (3-chloro-5-methylphenyl) -4- [4- 
5 (methylsulfonyl) phenyl] -2- ( trif luoromethyl ) -1H- 

imidazol-l-yl] ethanone; 
5- (3-methylphenyl) -4- [4- (methylsulfonyl) phenyl] -2- 

tr if luoromethyl - lH-imidazole ; 
5- (3-methylphenyl) -4- [4- (sulfonami do) phenyl] -2- 
10 trif luoromethyl -1H- imidazole; 

5- (3,4-dimethylphenyl) -4- [4- (methylthio) phenyl] -2- 
( trif luoromethyl) -lH-imidazole ; 

4- [4- (methylsulfonyl) phenyl] -5- (3-pyridyl) -2- 

( trif luoromethyl) -lH-imidazole; 
15 5- (3-cyanophenyl) -4- [4- (methylthio) phenyl] -2- 
* (trif luoromethyl) -lH-imidazole; 

5- (2-f luorophenyl) -4- [4- (methylsulfonyl ) phenyl ] -2- 

( tr i f luoromethyl ) - 1H- imidazole ; 
5- (3-methoxyphenyl) -4- [4- (methylsulfonyl) phenyl] -2- 
20 (trif luoromethyl) -lH-imidazole; 

5- (2-methylphenyl) -4- [4- (methylsulfonyl ) phenyl] -2- 

{ trif luoromethyl) -lH-imidazole; 
5- (cyclohexyl) -4- [4- (methylsulf onyl ) phenyl] -2- 

( trif luoromethyl) -lH-imidazole; 
25 4- [4- (methylsulf onyl) phenyl] -5- (2-thiophenyl) -2- 

( trif luoromethyl) -1H- imidazole; 
5- { 4-chloro-3-methylphenyl) -4- [4- 

(methylsulfonyl) phenyl] -2- (trif luoromethyl ) -1H- 

imidazole ; 

30 5- (4-cycloheptyl) -4- [4- (methylsulf onyl ) phenyl ] -2- 
( trif luoromethyl) -1H- imidazole; 
5- (4-f luoro-3-methylphenyl) -4- [4- 

( methylsulf onyl) phenyl] -2- (trif luoromethyl) -1H- 
imidazole; 

35 5- (cyclopentyl) -4- [4- (methylsulf onyl) phenyl] -2- 
( trif luoromethyl) -lH-imidazole; 
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4- [4- (methylsulf onyl) phenyl] -5- ( 3 - thiophenyl ) -2- 

(trif luoromethyl) -lH-imidazole; 

5- (3-f luoro-2-methylphenyl) -4- [4- 

(methylsulfonyl) phenyl] -2- ( trif luoromethyl ) -1H- 
5 imidazole; 

5- (4-chloro-3-methoxyphenyl) -4 - [ 4 - 

(methylsulf onyl) phenyl] -2- (trif luoromethyl ) -1H- 
imidazole; 

5- ( 4-f luorophenyl ) -2- (methoxymethyl) -4- [4- 
10 (methylsulf onyl ) -phenyl] -lH-imidazole; 

4- (4-f luorophenyl) -5- [4- (methylsulf onyl ) phenyl ] -2- [ (2- 

propeny loxy ) methyl ] - 1H- imidazole ; 
2- (ethoxymethyl ) -4- (4-f luorophenyl ) -5- [4- 
(methy Isul f onyl ) phenyl ] - 1H- imidazole ; 
15 4- (4-f luorophenyl) -5- [4- (methylsulf onyl ) phenyl ] -2- 
{ phenyl -methoxymethyl ) -lH-imidazole; 

1- [4- (4-f luorophenyl) -5- [4- (methylsulf onyl ) phenyl ] -1H- 
imidazol-2 -yl ] ethanone ; 

2- (2-bromophenyl ) -1- [4- (4-f luorophenyl) -5- [4- 

2 0 (methy lsul f onyl ) phenyl ] -lH-imidazol -2 -y 1 ] ethanone ; 

1- (4- (4-f luorophenyl) -5- [4-methylsulfonyl) phenyl] -1H- 

imidazol - 2 -y 1 ] - 3 -phenyl - 1 -propanone ; 
1- [5- (4-f luorophenyl) -4- [4- (methylsulf onyl ) phenyl] -1H- 

imidazol - 2 -y 1 ] - 2 -phenylethanone ; 
25 [5- (4-f luorophenyl) -4- [4- (methylsulf onyl ) phenyl ] -1H- 

imidazol - 2 -y 1 ] pheny lmethanone ; 
1- [5- (4-f luorophenyl) -4- [4- (methylsulf onyl ) phenyl ] -1H- 

imidazol-2-yl] - 4 -phenyl -1-butanone; 
2,2, 2-trif luoro-1- [4- ( 4-f luorophenyl ) -5- [4- 

3 0 methylsulf onyl) phenyl] -lH-imidazol-2-yl] ethanone; 

4- (4-f luorophenyl) -5- [4- (methylsulf onyl ) phenyl ] -2- 
( pheny 1-sulf onyl ) -1H- imidazole; 

4 - ( 4 -f luorophenyl ) -a-methyl-5- [ 4- 

(methylsulf onyl ) phenyl ] -lH-imidazole-2 -methanol ; 
3 5 4- (4-f luorophenyl) -2- ( 1-methoxyethyl ) -5- [4- (methyl- 
sulf onyl ) phenyl ] -lH-imidazole; and 
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2- (1 , 1-dif luoroethyl) -4- ( 4 - f luorophenyl ) -5- [4- ( methyl - 
sulfonyl) phenyl] -lH-imidazole . 

Within Formula I there is a subclass of compounds 
5 of high interest represented by Formula II: 



R 1 




II 



< J 



wherein R 1 is selected from lower alkyl, lower 
0 haloalkyl, lower aralkyl, lower heterocyclicalkyl , 
lower heteroaralkyl, acyl, cyano, mercapto, lower 
alkoxy, lower alkylthio, lower alkylthioalkyl , lower 
alky lsulf onyl, lower haloalkylsulf onyl , lower 
arylsulfonyl, halo, lower hydroxyalkyl , lower 
5 alkoxyalkyl, lower alkenyloxyalkyl , lower 
alkylcarbonyl, lower arylcarbonyl , lower 
aralkylcarbonyl, lower cyanoalkyl, lower aralkenyl, 
lower aminoalkyl , lower alkylaminoalkyl , lower N- 
arylaminoalkyl, lower N-alky 1-N-arylarninoalkyl , lower 
20 carboxyalkyl, lower alkoxycarbonylalkyl , lower 

alkoxycarbonyl, lower haloalkylcarbonyl , carboxyl, 
aminocarbonyl, lower alkylaminocarbonyl , lower 
alkylaminocarbonylalkyl, lower aralkoxy, lower 
aralkylthio, phenylsulf onyl , lower aralkylsulf onyl , 
25 lower heteroaralkoxy , lower heteroaralkylthio , lower 
heteroarylalkoxyalkyl, lower heteroaryloxyalkyl , 
lower heteroarylthioalkyl, lower 
heteroarylalkylthioalkyl , heteroaryloxy , 
heteroarylthio, lower arylthioalkyl , lower 
30 aryloxyalkyl, lower arylthio, aryloxy, lower 
aralkylthioalkyl, lower aralkoxyalkyl , lower 
alkoxyaralkoxyalkyl, aryl and heteroaryl, wherein the 
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aryl and heteroaryl radicals are optionally 
substituted at a substitutable position with one or 
more radicals selected from halo, lower alkylthio, 
lower alkylsulfinyl, lower alkyl, cyano, lower 
5 haloalkyl, lower hydroxyl, lower alkoxy, lower 
hydroxyalkyl and lower haloalkoxy; wherein R 2 is 
selected from heteroaryl # lower cycloalkyl, lower 
cycloalkenyl, and aryl, wherein the heteroaryl, lower 
cycloalkyl, lower cycloalkenyl, and aryl radicals are 
10 substituted with one or more radicals selected from 
hydrido, halo, lower alkylthio, lower alkylsulfinyl, 
lower alkylsulfonyl, lower alkyl, cyano, carboxyl, 
lower alkoxycarbonyl, lower haloalkyl, hydroxyl, 
lower alkoxy, lower hydroxyalkyl, lower alkoxyalkyl, 
15 lower haloalkoxy, amino, lower alkylamino, arylamino 
and nitro; and wherein R 5 is selected from lower 
alkyl and amino; provided R 1 is not lower alkyl when 
R 5 is methyl and when R 2 is phenyl or phenyl 
substituted with methyl, methoxy or chloro; or a 
20 pharmaceutically-acceptable salt thereof . 

A preferred class of compounds consists of those 
compounds of Formula II wherein R 1 is selected from 
lower heterocyclicalkyl, lower heteroaralkyl , acyl, 
cyano, mercapto, lower alkoxy, lower alkylthio, lower 
25 alkylthioalkyl, lower alkylsulfonyl, lower 

haloalkylsulf onyl , lower arylsulf onyl , halo, lower 
alkenyloxyalkyl, lower alkylcarbonyl , lower 
arylcarbonyl, lower aralkylcarbonyl, lower 
cyanoalkyl, lower aralkenyl, lower aminoalkyl, lower 
3 0 alkylaminoalkyl, lower N-arylaminoalkyl , lower N- 

alkyl-N-arylaminoalkyl , lower alkoxycarbonyl, lower 
haloalkylcarbonyl , aminocarbonyl , lower 
alkylaminocarbonyl , lower alkylaminocarbonylalkyl , 
lower aralkoxy, lower aralkylthio, phenylsulf onyl , 
3 5 lower heteroaralkoxy , heteroaryloxy , heteroaryl thio, 
lower arylthioalkyl, lower aryloxyalkyl , lower 
aryl thio, aryloxy, lower aralkylthioalkyl , lower 
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aralkoxyalkyl , lower alkoxyaralkoxyalky 1 , aryl and 
heteroaryl, wherein the aryl and heteroaryl radicals 
are optionally substituted at a substitutable 
position with one or more radicals selected from 
5 halo, lower alkylthio, lower alkylsulf inyl , lower 

alkyl, cyano, lower haloalkyl, lower hydroxyl, lower 
alkoxy, lower hydroxyalkyl and lower haloalkoxy; 
wherein R 2 is selected from heteroaryl, lower 
cycloalkyl, lower cycloalkenyl , and aryl, wherein the 

10 heteroaryl, lower cycloalkyl, lower cycloalkenyl, and 
aryl radicals are substituted with one or more 
radicals selected from hydrido, halo, lower 
alkylthio, lower alkylsulf inyl , lower alkylsulf onyl , 
lower alkyl, cyano, carboxyl, lower alkoxycarbonyl , 

15 lower haloalkyl, hydroxyl, lower alkoxy, lower 

hydroxyalkyl, lower alkoxyalkyl, lower haloalkoxy, 
amino, lower alkylamino, arylamino and nitro; and 
wherein R 5 is selected from lower alkyl and amino; 
or a pharmaceutically-acceptable salt thereof. 

20 Another preferred class of compounds consists of 

those compounds of Formula II wherein R 1 is selected 
from lower alkyl, lower haloalkyl, lower 
hydroxyalkyl, lower alkoxyalkyl, lower 
aralkylsulfonyl, lower arylthioalkyl , 

25 heteroarylalkoxyalkyl, lower heteroaryloxyalkyl , 
lower heteroarylthioalkyl , lower 

heteroarylalkylthioalkyl, lower aralkylthio, and 
lower aralkoxy; wherein R 2 is selected from 
heteroaryl, cycloalkyl and aryl, wherein the 

30 heteroaryl, cycloalkyl and aryl radicals are 

substituted at a substitutable position with one or 
more radicals selected from hydrido, halo, lower 
alkylthio, lower alkylsulf inyl , lower alkylsulf onyl , 
lower alkyl, cyano, carboxyl, lower alkoxycarbonyl, 

3 5 lower haloalkyl, hydroxyl, lower alkoxy, lower 

hydroxyalkyl, lower alkoxyalkyl, lower haloalkoxy, 
amino, lower alkylamino, phenylamino and nitro; and 
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wherein R 5 is selected from lower alkyl and amino; or 
a pharmaceutically-acceptable salt thereof. 

Within Formula I there is a subclass of compounds 
of high interest represented by Formula III: 

5 




III 



wherein R 1 is selected from lower alkyl, lower 
haloalkyl, lower aralkyl, lower heterocyclicalkyl , 

10 lower heteroaralkyl, acyl, cyano, mercapto, lower 

alkoxy, lower alkyl thio, lower alkylthioalkyl , lower 
alkylsulfonyl, lower haloalkylsulf onyl , lower 
arylsulfonyl, halo, lower hydroxyalkyl , lower 
alkoxyalkyl, lower alkenyloxyalkyl , lower 

15 alkylcarbonyl, lower arylcarbonyl , lower 

aralkylcarbonyl, lower cyanoalkyl, lower aralkenyl, 
lower aminoalkyl, lower alkylaminoalkyl , lower N- 
arylaminoalkyl, lower N-alkyl-N-arylaminoalkyl , lower 
carboxyalkyl, lower alkoxycarbonylalkyl , lower 

20 alkoxycarbonyl, lower haloalkylcarbonyl , carboxyl, 
aminocarbonyl , lower alkylaminocarbony 1 , lower 
alkylaminocarbonylalkyl, lower aralkoxy, lower 
aralkylthio, phenylsulf onyl , lower aralkylsulf onyl , 
lower heteroaralkoxy, lower heteroaralkylthio, lower 

25 heteroarylalkoxyalkyl, lower heteroaryloxyalkyl , 
lower heteroarylthioalkyl, lower 
heteroary lalkylthioallcyl , heteroaryloxy , 
heteroarylthio, lower arylthioalkyl , lower 
aryloxyalkyl , lower arylthio, aryloxy, lower 

3 0 aralkylthioalkyl , lower aralkoxyalkyl , lower 

alkoxyaralkoxyalkyl, aryl and heteroaryl, wherein the 
aryl and heteroaryl radicals are optionally 
substituted at a substitutable position with one or 
more radicals selected from halo, lower alkylthio, 
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lower alkylsulf inyl , lower alkyl, cyano, lower 
haloalkyl, lower hydroxy 1, lower alkoxy, lower 
hydroxyalkyl and lower haloalkoxy; wherein R 2 is 
selected from heteroaryl, lower cycloalkyl, lower 
5 cycloalkenyl, and aryl , wherein the heteroaryl, lower 
cycloalkyl, lower cycloalkenyl, and aryl radicals are 
substituted with one or more radicals selected from 
hydrido, halo, lower alkylthio, lower alkylsulf inyl, 
lower alkylsulfonyl, lower alkyl, cyano, carboxyl, 
10 lower alkoxycarbonyl , lower haloalkyl, hydroxyl , 

lower alkoxy, lower hydroxyalkyl, lower alkoxyalkyl, 
lower haloalkoxy, amino, lower alkylamino, arylamino 
and nitro; wherein R 4 is selected from lower alkyl 
and acyl; and wherein R 5 is selected from lower alkyl 
15 and amino; or a pharmaceutically-acceptable salt 
thereof . 

Compounds of Formula I where R 2 is heteroaryl 
would also be capable of inhibiting cytokines, such as 
TNF, IL-1, IL-6, and IL-8. As such, the compounds can 
0 be used in the manufacture of a medicament or in a 
method for the treatment for the prophylactic or 
therapeutic treatment of diseases mediated by 
cytokines, such as TNF, IL-1, IL-6, and IL-8. 

The term "hydrido" denotes a single hydrogen 

2 5 atom (H) . This hydrido radical may be attached, for 

example, to an oxygen atom to form a hydroxyl 
radical or two hydrido radicals may be attached to a 
carbon atom to form a methylene 

(-CH2-) radical. Where used, either alone or within 
30 other terms such as "haloalkyl", "alkylsulfonyl", 
"alkoxyalkyl" and "hydroxyalkyl", the term "alkyl" 
embraces linear or branched radicals having one to 
about twenty carbon atoms or, preferably, one to about 
twelve carbon atoms. More preferred alkyl radicals are 

3 5 "lower alkyl" radicals having one to about ten carbon 

atoms. Most preferred are lower alkyl radicals having 
one to about six carbon atoms. Examples of such 
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radicals include methyl, ethyl, n-propyl, isopropyl, n- 
butyl, isobutyl, sec-butyl, tert-butyl , pentyl, iso- 
amyl, hexyl and the like. The term "halo" means 
halogens such as fluorine, chlorine, bromine or iodine. 
The term "haloalkyl" embraces radicals wherein any one 
or more of the alkyl carbon atoms is substituted with 
halo as defined above. Specifically embraced are 
monohaloalkyl, dihaloalkyl and polyhaloalkyl radicals. 
A monohaloalkyl radical, for one example, may have 
either an iodo, bromo, chloro or fluoro atom within the 
radical. Dihalo and polyhaloalkyl radicals may have two 
or more of the same halo atoms or a combination of 
different halo radicals. "Lower haloalkyl" embraces 
radicals having 1-6 carbon atoms. Examples of 
haloalkyl radicals include f luoromethyl , 
dif luoromethyl , trif luoromethyl , chloromethyl , 
dichloromethyl , trichloromethyl , trichloromethy 1 , 
pentaf luoroethyl , heptaf luoropropyl , 
dif luorochloromethyl, dichlorof luoromethyl , 
dif luoroethyl, dif luoropropyl , dichloroethyl and 
dichloropropyl. The term M hydroxy a Iky 1 - embraces 
linear or branched alkyl radicals having one to about 
ten carbon atoms any one of which may be substituted 
with one or more hydroxyl radicals. More preferred 
hydroxyalkyl radicals are "lower hydroxyalkyl " radicals 
having one to six carbon atoms and one or more hydroxyl 
radicals. Examples of such radicals include 
hydroxymethyl , hydroxyethyl , hydroxypropy 1 , 
hydroxybutyl and hy droxy hexy 1 . The terms "alkoxy" and 
"alkoxyalkyl" embrace linear or branched oxy-containing 
radicals each having alkyl portions of one to about ten 
carbon atoms. More preferred alkoxy radicals are "lower 
alkoxy" radicals having one to six carbon atoms. 
Examples of such radicals include methoxy, ethoxy, 
propoxy, butoxy and tert-butoxy . The term "alkoxyalkyl " 
embraces alkyl radicals having one or more alkoxy 
radicals attached to the alkyl radical, that is, to 
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form monoalkoxyalkyl and dialkoxyalkyl radicals. More 
preferred alkoxyalkyl radicals are "lower alkoxyalkyl - 
radicals having one to six carbon atoms and one or two 
alkoxy radicals. Examples of such radicals include 
5 methoxymethyl, methoxyethyl , ethoxy ethyl, methoxybutyl 
and methoxypropyl. The "alkoxy" or "alkoxyalkyl" 
radicals may be further substituted with one or more 
halo atoms, such as fluoro, chloro or bromo, to provide 
"haloalkoxy" or "haloalkoxyalkyl" radicals. More 
10 preferred haloalkoxy radicals are "lower haloalkoxy" 

radicals having one to six carbon atoms and one or more 
halo radicals. Examples of such radicals include 
fluoromethoxy, chloromethoxy , trif luoromethoxy , 
trifluoroethoxy, fluoroethoxy and f luoropr opoxy . The 
15 term "cyanoalkyl" embraces radicals having a cyano or 
nitrile (-CN) radical attached to an alkyl radicals as 
described above. More preferred cyanoalkyl radicals 
are "lower cyanoalkyl" radicals having one to six 
carbon atoms. Examples of such lower cyanoalkyl 
20 radicals include cyanomethyl, cyanopropyl, cyanoethyl 
and cyanobutyl. The term "cycloalkyl" embraces 
saturated carbocyclic radicals having three to twelve 
carbon atoms. More preferred cycloalkyl radicals are 
"lower cycloalkyl" radicals having three to about eight 
25 carbon atoms. Examples of such radicals include 

cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. 
The term "cycloalkenyl " embraces unsaturated cyclic 
radicals having three to ten carbon atoms. More 
preferred cycloalkenyl radicals are "lower 
30 cycloalkenyl" radicals having about five to about eight 
carbon atoms. Examples of such radicals include 
cyclobutenyl. cyclopentenyl , cyclohexenyl and 
cycloheptenyl . The term "aryl", alone or in 
combination, means a carbocyclic aromatic system 
3 5 containing one, two or three rings wherein such rings 
may be attached together in a pendent manner or may be 
fused. The term "aryl" embraces aromatic radicals such 
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as phenyl, naphthyl, tetrahydronaphthyl , indane and 
biphenyl . The terms "heterocyclic" and "heterocyclo " 
embrace saturated, partially saturated and unsaturated 
heteroatom-containing ring-shaped radicals, where the 
5 heteroatoms may be selected from nitrogen, sulfur and 
oxygen. Examples of saturated heterocyclic radicals 
include saturated 3 to 6-membered heteromonocylic group 
containing 1 to 4 nitrogen atoms [e.g. pyrrolidinyl , 
imidazolidinyl , piperidino, piperazinyl, etc.]; 

10 saturated 3 to 6-membered heteromonocyclic group 

containing 1 to 2 oxygen atoms and 1 to 3 nitrogen 
atoms [e.g. morpholinyl, etc.]; saturated 3 to 6- 
membered heteromonocyclic group containing 1 to 2 
sulfur atoms and 1 to 3 nitrogen atoms [e.g., 

15 thiazolidinyl , etc.]. Examples, of partially saturated 
heterocyclic radicals include dihydrothiophene , 
dihydropyran, dihydrofuran and dihydrothiazole . The 
term "heteroaryl " embraces unsaturated heterocyclic 
radicals. Examples of unsaturated heterocyclic 

20 radicals, also termed "heteroaryl " radicals include 
unsaturated 3 to 6 membered heteromonocyclic group 
containing 1 to 4 nitrogen atoms, for example, 
pyrrolyl, pyrrolinyl, imidazolyl, pyrazolyl, pyridyl, 
pyrimidyl, pyrazinyl, pyridazinyl, triazolyl [e.g., 4H- 

25 1,2, 4-triazolyl, 1H-1 , 2 , 3-triazolyl , 2H-1,2,3- 

triazolyl, etc.] tetrazolyl [e.g. lH-tetrazolyl , 2H- 
tetrazolyl, etc.], etc.; unsaturated condensed 
heterocyclic group containing 1 to 5 nitrogen atoms, 
for example, indolyl, isoindolyl, indolizinyl, 

3 0 benz imidazolyl , quinolyl, isoguinolyl, indazolyl, 

benzotriazolyl , tetrazolopyridazinyl [e.g. , tetrazolo 
[1 , 5 -b] pyridazinyl , etc.], etc.; unsaturated 3 to 6- 
membered heteromonocyclic group containing an oxygen 
atom, for example, pyranyl, furyl, etc.; unsaturated 3 

3 5 to 6-membered heteromonocyclic group containing a 

sulfur atom, for example, thienyl, etc.; unsaturated 3- 
to 6-membered heteromonocyclic group containing 1 to 2 
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oxygen atoms and 1 to 3 nitrogen atoms, for example, 
oxazolyl, isoxazolyl, oxadiazolyl [e.g., 1,2,4- 
oxadiazolyl , 1,3, 4-oxadiazolyl , 1,2, 5-oxadiazolyl , 
etc.] etc.; unsaturated condensed heterocyclic group 
5 containing 1 to 2 oxygen atoms and 1 to 3 nitrogen 
atoms [e.g. benzoxazolyl , benzoxadiazolyl , etc . ] ; 
unsaturated 3 to 6-membered heteromonocyclic group 
containing 1 to 2 sulfur atoms and 1 to 3 nitrogen 
atoms, for example, thiazolyl, thiadiazolyl [e.g., 
10 1,2,4- thiadiazolyl, 1 , 3 , 4-thiadiazolyl , 1,2,5- 
thiadiazolyl, etc.] etc.; unsaturated condensed 
heterocyclic group containing 1 to 2 sulfur atoms and 1 
to 3 nitrogen atoms [e.g., benzothiazolyl , 
benzothiadiazolyl, etc.] and the like. The term also 
15 embraces radicals where heterocyclic radicals are fused 
with aryl radicals. Examples of such fused bicyclic 
radicals include benzofuryl, benzothienyl , and the 
like. Said "heterocyclic" radicals may have 1 to 3 
substituents such as lower alkyl, hydroxy, oxo, amino 
2 0 and lower alkylamino. More preferred heteroaryl 
radicals include five to six membered heteroaryl 
radicals. The term "heterocyclicalkyl M embraces 
heterocyclic-substituted alkyl radicals. More 
preferred heterocyclicalkyl radicals are "lower 
25 heterocyclicalkyl" radicals having one to six carbon 
atoms and a heterocyclic radical. Examples include 
such radicals as pyrrolidinylmethyl . The term 
"alkylthio" embraces radicals containing a linear or 
branched alkyl radical, of one to about ten carbon 
30 atoms attached to a divalent sulfur atom. More 

preferred alkylthio radicals are "lower alkylthio" 
radicals having alkyl radicals of one to six carbon 
atoms. Examples of such lower alkylthio radicals are 
methylthio, ethylthio, propylthio, butylthio and 
3 5 hexylthio. The term " alkylthioalkyl " embraces 

alkylthio radicals attached to an alkyl radical . More 
preferred alkylthioalkyl radicals are "lower 
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alkylthioalkyl " radicals having alkyl radicals of one 
to six carbon atoms and an alkylthio radical as 
described above. Examples of such radicals include 
methylthiomethyl . The term "arylthio" embraces 
5 radicals containing an aryl radical, attached to a 

divalent sulfur atom, such as a phenylthio radical. The 
term "arylthioalkyl " embraces arylthio radicals 
attached to an alkyl radical. More preferred 
arylthioalkyl radicals are "lower arylthioalkyl ■ 

10 radicals having alkyl radicals of one to six carbon 
atoms and an arylthio radical as described above. 
Examples of such radicals include phenylthiomethyl . The 
term "alkylsulf inyl " embraces radicals containing a 
linear or branched alkyl radical, of one to ten carbon 

15 atoms, attached to a divalent -S(=0)- radical. More 
preferred alkylsulf inyl radicals are "lower 
alkylsulf inyl" radicals having one to six carbon atoms. 
Examples of such lower alkylsulf inyl radicals include 
methylsulf inyl, ethylsulf inyl , butylsulf inyl and 

20 hexylsulf inyl. The term "sulf onyl " , whether used alone 
or linked to other terms such as alkylsulf onyl , denotes 
respectively divalent radicals -S0 2 -. "Alkylsulf onyl " 
embraces alkyl radicals attached to a sulf onyl radical, 
where alkyl is defined as above. More preferred 

25 alkylsulf onyl radicals are "lower alkylsulf onyl " 

radicals having one to six carbon atoms. Examples of 
such lower alkylsulf onyl radicals include 
methylsulf onyl, ethylsulf onyl and propylsulf onyl . The 
"alkylsulf onyl" radicals may be further substituted 

3 0 with one or more halo atoms, such as fluoro, chloro or 
bromo, to provide "haloalkylsulf onyl " radicals. More 
preferred haloalkylsulf onyl radicals are "lower 
haloalkylsulf onyl" radicals having one or more halo 
atoms attached to lower alkylsulf onyl radicals as 

3 5 described above. Examples of such lower 
haloalkylsulfonyl radicals include 

f luoromethylsulf onyl, trif luoromethylsulf onyl and 
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chloromethylsulf onyl . The term " arylsulf ony 1 " embraces 
aryl radicals as defined above, attached to a sulfonyl 
radical. Examples of such radicals include 
phenylsulf onyl . The term "aralkylsulf onyl " embraces 
5 aralkyl radicals as defined above, attached to a 

sulfonyl radical. Examples of such radicals include 
benzylsulf onyl . The term "heteroarylsulf onyl M embraces 
heteroaryl radicals as defined above, attached to a 
sulfonyl radical. Examples of such radicals include 
10 thienylsulfonyl, oxazolylsulf onyl and pyridylsulf onyl . 
The term "heteroarylalkylsulf onyl" embraces 
heteroarylalkyl radicals as defined above, attached to 
a sulfonyl radical. Examples of such radicals include 
thienylmethylsulfonyl. The terms ■ sulf amyl" , 
15 "aminosulfonyl" and " sulf onamidyl M denotes NH2O2S-. 
The term "acyl" denotes a radical provided by the 
residue after removal of hydroxyl from an organic acid. 
Examples of such acyl radicals include forrayl, alkanoyl 
and aroyl radicals. The terms "carboxy" or M carboxyl " , 
20 whether used alone or with other terms, such as 

"carboxyalkyl" , denotes -C0 2 H. The term "carbonyl", 
whether used alone or with other terms, such as 
"alkoxycarbonyl" , denotes -(C=0)-. The term 
"alkoxycarbonyl" means a radical containing an alkoxy 
25 radical, as defined above, attached via an oxygen atom 
to a carbonyl radical. Preferably, "lower 
alkoxycarbonyl " embraces alkoxy radicals having one to 
six carbon atoms. Examples of such "lower 
alkoxycarbonyl" ester radicals include substituted or 
3 0 unsubstituted methoxycarbonyl , ethoxycarbonyl , 

propoxy carbonyl, butoxy carbonyl and hexyloxycarbonyl . 
The term "aralkyl" embraces aryl-substituted alkyl 
radicals. Preferable aralkyl radicals are "lower 
aralkyl" radicals having aryl radicals attached to 
3 5 alkyl radicals having one to six carbon atoms. 
Examples of such radicals include benzyl, 
diphenylmethyl, triphenylmethyl, phenylethyl and 
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diphenylethyl . The aryl in said aralkyl may be 
additionally substituted with halo, alkyl , alkoxy, 
haloalkyl and haloalkoxy. The terms benzyl and 
phenylmethyl are interchangeable. The term "aralkenyl " 
5 embraces aryl-substituted alkenyl radicals. Preferable 
aralkenyl radicals are "lower aralkenyl" radicals 
having aryl radicals attached to alkenyl radicals 
having two to six carbon atoms. Examples of such 
radicals include phenylethenyl and diphenylethenyl . 

10 The aryl in said aralkenyl may be additionally 

substituted with halo, alkyl, alkoxy, haloalkyl and 
haloalkoxy. The terms "alkylcarbonyl " , " aryl car bony 1 " 
and "aralkylcarbonyl " include radicals having alkyl, 
aryl and aralkyl radicals, respectively, as defined 

15 above, attached via an oxygen atom to a carbonyl 

radical. More preferred alkylcarbonyl radicals are 
"lower alkylcarbonyl" radicals having one to six carbon 
atoms. Examples of such radicals include 
methylcarbonyl and ethylcarbonyl . More preferred 

20 aralkylcarbonyl radicals are "lower aralkylcarbonyl" 
radicals having aryl radicals attached to alkyl 
radicals having one to six carbon atoms. Examples of 
such aralkylcarbonyl radicals include benzylcarbonyl . 
An example of an aryl carbonyl radical is 

25 phenyl carbonyl . The term " alkoxy carbony lalky 1 " 

embraces radicals having " alkoxy carbonyl " , as defined 
above substituted to an alkyl radical. More preferred 
alkoxycarbonylalkyl radicals are "lower 
alkoxycarbonylalkyl " having lower alkoxycarbonyl 

3 0 radicals as defined above attached to one to six carbon 
atoms. Examples of such lower alkoxycarbonylalkyl 
radicals include methoxycarbonylmethyl . The term 
"haloalkylcarbonyl " embraces radicals having a 
haloalkyl radical as described above attached to a 

35 carbonyl radical. More preferred radicals are "lower 
haloalkylcarbonyl" radicals where lower haloalkyl 
radicals, as described above are attached to a carbonyl 
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radical. The term " carboxyalkyl " embrace radicals 
having a carboxy radical as defined above, attached to 
an alkyl radical . The alkanoyl radicals may be 
substituted or unsubstituted, such as formyl, acetyl, 
5 propionyl, butyryl, isobutyryl, valeryl, isovaleryl, 
pivaloyl, hexanoyl, trif luoroacetyl or the like, in 
which the preferable one is formyl, acetyl, propionyl 
or trif luoroacetyl . The term "heteroaralkyl" embraces 
heteroaryl-substituted alkyl radicals. More preferred 
10 heteroaralkyl radicals are "lower heteroaralkyl" 
radicals having five to six membered heteroaryl 
radicals attached to one to six carbon atoms. Examples 
of such radicals include pyridylmethyl , quinolylmethyl , 
thienylmethyl, furylethyl and guinolylethyl . The 
15 heteroaryl in said heteroaralkyl may be additionally 
substituted with halo, alkyl, alkoxy, haloalkyl and 
haloalkoxy. The term "aryloxy" embraces aryl radicals, 
as defined above, attached to an oxygen atom. The aryl 
in said aryloxy may be additionally substituted with 
20 one or more halo, alkyl, alkoxy, haloalkyl and 

haloalkoxy radicals. Examples of such radicals include 
phenoxy. The term "heteroaryloxy " embraces heteroaryl 
radicals as defined above attached to an oxygen 
radical. More preferred heteroaryloxy radicals are 
25 "lower heteroaryloxy" radicals having five to six 
membered heteroaryl radicals. The term "aralkoxy" 
embraces oxy-containing aralkyl radicals attached 
through an oxygen atom to other radicals. The term 
"aralkoxy alkyl" embraces alkyl radicals having one or 
3 0 more aralkoxy radicals attached to the alkyl radical, 
that is, to form monoaralkyloxyalkyl and 
diaralkyloxyalkyl radicals. The "aralkoxy" or 
"aralkoxyalkyl" radicals may be further substituted on 
the aryl ring portion of the radical. More preferred 
35 aralkoxyalkyl radicals are "lower aralkoxyalkyl " having 
an alkoxy attached to one to six carbon atoms. 
Examples of lower aralkoxyalkyl radicals include 



SUBSTITUTE SHEET (RULE 26) 



WO 96/03387 



PCT/US95/09505 



35 

benzyloxymethyl . The term " heteroarylthio " embraces 
radicals having heteroaryl radicals attached to a 
sulfur radical. More preferred heteroarylthio radicals 
are "lower heteroarylthio" radicals having five to six 
5 membered heteroaryl radicals. Examples of such 
radicals include 2-furylthio, 2-thienylthio, 3- 
thienylthio, 4-pyridylthio and 3 -pyridylthio . The term 
"alkoxyaralkoxyalkyl " embraces alkoxy substituted 
aralkoxyalkyl radicals. More preferred radicals have 

10 lower alkoxy substituted aralkoxyalkyl, where lower 

alkoxy is defined above. The terms "heteroaralkylthio" 
and "heteroaralkylthio" denote radicals having an 
heteroaryl radical attached to an alkylthio radical. 
More preferred heteroaralkylthio radicals are "lower 

15 heteroaralkylthio" radicals having heteroaryl radicals 
attached to lower alkylthio radicals as described 
above. Examples of such radicals include 
furylmethylthiomethyl and quinolylmethylthioethyl . The 
term "heteroarylalkylthioalkyl " denotes radicals having 

20 an heteroaryl radical attached to an alkylthio radical 
further attached through the sulfur atom to an alkyl 
radical. More preferred heteroarylalkylthioalkyl are 
"lower heteroarylalkylthioalkyl" radicals having lower 
heteroarylalkyl radicals as described above. Examples 

25 of such radicals include furylmethylthiomethyl and 

quinolylmethylthioethyl . The term "heteroarylthioalkyl " 
denotes radicals having an heteroaryl radical attached 
to a sulfur atom further attached through the sulfur 
atom to an alkyl radical. More preferred 

30 heteroarylthioalkyl radicals are "lower 

heteroarylthioalkyl" having lower heteroarylthio 
radicals as described above. Examples of such radicals 
include thienylthiomethyl and pyridylthiohexyl . The 
term "aralkylthio" embraces radicals having aralkyl 

3 5 radicals attached to a bridging sulfur atom. More 

preferred aralkylthio radicals are "lower aralkylthio" 
radicals having the aryl radicals attached to one to 
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six carbon atoms. Examples of such radicals include 
benzylthio and phenylethy lthio . The term 
"aralkylthioalkyl" embraces radicals having aralkyl 
radicals attached to alkyl radicals through a bridging 
5 sulfur atom. More preferred aralkylthioalkyl radicals 
are "lower aralkylthioalkyl" radicals having the 
aralkylthio radicals attached to one to six carbon 
atoms. Examples of such radicals include 
benzylthiomethyl and phenylethylthiomethyl . The term 
10 "heteroaryloxyalkyl" denotes radicals having an 

heteroaryl radical attached to an oxygen atom further 
attached through the oxygen atom to an alkyl radical. 
More preferred heteroaryloxyalkyl radicals are "lower 
heteroaryloxyalkyl" radicals having five to six 
15 membered heteroaryl radicals. Examples of such 

radicals include f urylbutoxyethyl , pyridyloxymethyl and 
thienyloxyhexyl. The term " aminoalkyl " embraces alkyl 
radicals substituted with amino radicals. More 
preferred aminoalkyl radicals are "lower aminoalkyl" 
20 having one to six carbon atoms. Examples include 
aminomethyl, aminoethyl and aminobutyl. The term 
"alkylaminoalkyl " embraces aminoalkyl radicals having 
the nitrogen atom substituted with at least one alkyl 
radical. More preferred alkylaminoalkyl radicals are 
25 "lower alkylaminoalkyl" having one to six carbon atoms 
attached to a lower aminoalkyl radical as described 
above. More preferred alkylamino radicals are "lower 
alkylamino" radicals having one or two alkyl radicals 
of one to six carbon atoms, attached to a nitrogen 
3 0 atom. The term "alkylamino" denotes amino groups which 
have been substituted with one or two alkyl radicals. 
Suitable "alkylamino" may be mono or dialkylamino such 
as N-methylamino, N-ethylamino , N, N-dimethylamino , N,N- 
diethylamino or the like. The term 
3 5 "alkylaminocarbonyl" embraces alkylamino radicals, as 

described above, to a carbonyl radical. More preferred 
alkylaminocarbonyl radicals are "lower 
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alkylaminocarbonyl" having lower alkylamino radicals, 
as described above, attached to a carbonyl radical. 
Examples of such radicals include N-methylaminocarbonyl 
and N,N-dimethylcarbonyl. The term "arylamino" denotes 
amino groups which have been substituted with one or 
two aryl radicals, such as N-phenylamino . The 
-arylamino" radicals may be further substituted on the 
aryl ring portion of the radical. The terms "N- 
arylaminoalkyl " and "N-aryl-N-alkyl-aminoalkyl " denote 
amino groups which have been substituted with one aryl 
radical or one aryl and one alkyl radical, 
respectively, and having the amino group attached to an 
alkyl radical. More preferred arylaminoalkyl radicals 
are "lower arylaminoalkyl" having the arylamino radical 
attached to one to six carbon atoms. Examples of such 
radicals include N-phenylaminomethyl and N-phenyl-N- 
methylaminomethyl . The term "aminocarbonyl " denotes an 
amide group of the formula -C(=0)NH2. The term 
"alkylaminocarbonylalkyl" denotes an aminocarbonyl 
group which has been substituted with one or two alkyl 
radicals. More preferred are "lower 
alkylaminocarbonylalkyl" having lower 

alkylaminocarbonyl radicals as described above attached 
to one to six carbon atoms. The term "aryloxyalkyl " 
embraces alkyl radicals having one or more aryloxy 
radicals, aryl radicals attached to a divalent oxygen 
atom, attached to the alkyl radical, that is, to form 
monoaryloxyalkyl and diaryloxyalkyl radicals. The more 
preferred aryloxyalkyl radicals are "lower 
aryloxyalkyl" radicals having aryloxy radicals attached 
to one to six carbon atoms. Examples include 
phenoxymethyl . The terms "heteroaralkoxyalkyl " and 
"heteroarylalkoxyalkyl" embrace alkyl radicals having 
one or more heterocyclic radicals attached to an alkoxy 
radical, further attached to the alkyl radical. More 
preferred heteroaralkoxyalkyl radicals are "lower 
heteroaryl alkoxyalkyl radicals having five to six 
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membered heteroaryl radicals. Examples of such 
radicals include 2 -thienylmethoxymethyl . 

The present invention comprises a pharmaceutical 
composition comprising a therapeutically-ef f ective 
5 amount of a compound of Formula I in association with 
at least one pharmaceutically-acceptable carrier, 

adjuvant or diluent. 

The present invention also comprises a method of 
treating inflammation or inflammation-associated 
10 disorders in a subject, the method comprising 

administering to the subject having or susceptible to 
such inflammation or disorder a therapeutically- 
ef f ective amount of a compound of Formula I. 

Also included in the family of compounds of 
15 Formula I are the pharmaceutically-acceptable salts 

•thereof. The term "pharmaceutically-acceptable salts" 
embraces salts commonly used to form alkali metal salts 
and to form addition salts of free acids or free bases. 
The nature of the salt is not critical, provided that 
20 it is pharmaceutically-acceptable. Suitable 

pharmaceutically-acceptable acid addition salts of 
compounds of Formula I may be prepared from an 
inorganic acid or from an organic acid. Examples of 
such inorganic acids are hydrochloric, hydrobromic, 
25 hydroiodic, nitric, carbonic, sulfuric and phosphoric 
acid. Appropriate organic acids may be selected from 
aliphatic, cycloaliphatic , aromatic, araliphatic, 
heterocyclic, carboxylic and sulfonic classes of 
organic acids, example of which are formic, acetic, 
30 propionic, succinic, glycolic, gluconic, lactic, malic, 
tartaric, citric, ascorbic, glucuronic, maleic, 
fumaric, pyruvic, aspartic, glutamic, benzoic, 
anthranilic, mesylic salicylic, p-hydroxybenzoic , 
phenylacetic, mandelic, embonic (pamoic) , 
3 5 methanesulfonic, ethylsulf onic , benzenesulf onic , 

pantothenic, toluenesulf onic , 2-hydroxyethanesulf onic 
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sulf anilic , stearic, cyclohotcylaminosulf onic , al genie , 
P~hydroxybutyric , salicylic, galactaric and 

galacturonic acid. Suitable pharmaceutically-acceptable 
base addition salts of compounds of Formula I include 
5 metallic salts made from aluminum, calcium, lithium, 
magnesium, potassium, sodium and zinc or organic salts 
made from N, N ' -dibenzylethylenediamine, chloroprocaine, 
choline, diethanolamine, ethylenediamine , meglumine (N- 
methylglucamine) and procaine. All of these salts may 
10 be prepared by conventional means from the 

corresponding compound of Formula I by reacting, for 
example, the appropriate acid or base with the compound 
of Formula I. 

15 GENERAL SYNTHETIC PROCEDURE S 

The compounds of the invention can be synthesized 
according to the following procedures of Schemes I -VII, 
wherein the R 1 -!* 5 substituents are as defined for 
Formula I -III, above, except where further noted. 

20 
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The subject imidazole compounds 6 of this 
invention may be synthesized according to the sequence 
outlined in Scheme I- Aldehyde 1 may be converted to 
the protected cyanohydrin 2 by reaction with a 
trialkylsilyl cyanide, such as trimethylsilyl cyanide 
(TMSCN) in the presence of a catalyst such as zinc 
iodide (Znl 2 ) or potassium cyanide { KCN) . Reaction of 
cyanohydrin 2 with a strong base followed by treatment 
with aldehyde 3 and using both acid and base 
treatments, in that order, on workup gives enol 4. 
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Examples of strong bases suitable for this reaction 
are lithium diisopropy lamide (LDA) and lithium 
hexamethyldisilazane . Enol 4 may be converted to 
diketone 5 by reaction with a suitable oxidizing 
5 agent, such as bismuth oxide or manganese dioxide, or 
by a Swern oxidation using dimethyl sulfoxide (DMSO) 
and trif luoroacetic anhydride. Diketone 5 may be 
obtained directly by reaction of the anion of 
cyanohydrin 2 with a substituted acid halide (where X 

10 is halo) . Any of compounds 4 and 5 may be used as 

intermediates for conversion to imidazoles 6 according 
to chemical procedures known by those skilled in the 
art and described by M. R. Grimmett, "Advances in 
Imidazole Chemistry" in Advances in Heterocyclic 

15 Chemistry, 12, 104 (1970) . The conversion of 5 to 

imidazoles 6 is carried out by reaction with ammonium 
acetate and an appropriate aldehyde (I^CHO) in acetic 
acid. Enol 4 may be converted to imidazoles 6 by 
reaction with formamide. In addition, enol 4 may be 

2 0 converted to imidazoles by first acylating with an 

appropriate acyl group (R 1 CO-) and then treating with 
ammonium hydroxide. 
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Scheme II 



OTMS 




5 The subject imidazole compounds 11 of this 

invention may be synthesized according to the sequence 
outlined in Scheme II. Reaction of cyanohydrin 2 with 
a strong base followed by treatment with benzaldehyde 
7 (where R 5 is alkyl) and using both acid and base 
10 treatments, in that order, on workup gives benzoin 8. 
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Examples of strong bases suitable for this reaction 
are lithium diisopropylamide (LDA) and lithium 
hexamethyldisilazane . Benzoin 8 may be converted to 
benzil 9 by reaction with a suitable oxidizing agent, 
5 such as bismuth oxide or manganese dioxide, or by a 
Swern oxidation using dimethyl sulfoxide (DMSO) and 
trif luoroacetic anhydride. Benzil 9 may be obtained 
directly by reaction of the anion of cyanohydrin 2 
with a substituted benzoic acid halide (where X is 

10 halo) . Any of compounds 8 and 9 may be used as 

intermediates for conversion to imidazoles 10 (where 
R 5 is alkyl) according to chemical procedures known by 
those skilled in the art and described by M. R. 
Grimmett, "Advances in Imidazole Chemistry" in 

15 Advances in Heterocyclic Chemistry, 12, 104 (1970) . 

The conversion of 9 to imidazoles 10 is carried out by 
reaction with ammonium acetate and an appropriate 
aldehyde (R^-CHO) in acetic acid. Benzoin 8 may be 
converted to imidazoles 10 by reaction with formamide. 

20 In addition, benzoin 8 may be converted to imidazoles 
by first acylating with an appropriate acyl group 
(R 1 CO-) and then treating with ammonium hydroxide. 
Those skilled in the art will recognize that the 
oxidation of the sulfide (where R 5 is methyl) to the 

2 5 methylsulf one (-SO2CH3) may be carried out at any 

point along the way beginning with compounds 8, and 
including oxidation of imidazoles 10, using, for 
examples, reagents such as hydrogen peroxide in acetic 
acid, m-chloroperoxybenzoic acid (MCPBA) and potassium 

3 0 peroxymonosulf ate (OXONE®) . 
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Scheme III 




o 

9 



Alternative syntheses of benzoins and benzils may 
be carried out as described in Scheme III. Acylation 
of a thiobenzene derivative with an appropriately 
substituted acetic acid 12 using an acidic catalyst 
yields desoxybenzoin 13. Some suitable acidic 
catalysts include polyphosphoric acid (PPA) , sulfuric 
acid, titanium tetrachloride, ferric chloride and 
stannic chloride. The resulting desoxybenzoin 13 may 
be halogenated to give haloketone 14 (where X is 
halo) . Treatment of compound 14 with either water in 
a suitable co-solvent such as acetone, or with a 



10 
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carboxylate salt, followed by saponification with 
base, yields benzoin 15. Examples of bases suitable 
for saponification include sodium bicarbonate, sodium 
carbonate, potassium carbonate, sodium hydroxide and 
5 ammonium hydroxide. Examples of appropriate 

carboxylate salts include sodium acetate and sodium 
benzoate. Compound 15 is converted to benzil 9 by 
reaction with a suitable oxidizing agent such as 
bismuth oxide or manganese dioxide. Alternatively, 
10 benzil 9 may be synthesized directly from 

desoxybenzoin 13 by treatment with an appropriate 
oxidizing agent, such as selenious acid (H2SeC>3). 

Haloketone 14 may be converted to imidazoles 10 
by reaction either with formamide or with amidines . 
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Scheme IV 




o 

9 



5 Scheme III outlines yet another method for the 

synthesis of benzil 9. Reaction of a suitable acetic 
acid derivative 16 with an aromatic aldehyde 7 in 
acetic anhydride yields unsaturated acid 17. Acid 17 
is converted to acyl azides 18 by reaction with 
10 diphenylphosphoryl azide (DPPA) in the presence of a 
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base such as triethylamine (Et3N) or by reaction of an 
activated carboxyl derivative of 17, such as an acid 
chloride or anhydride, with sodium azide. 
Decomposition of the acyl azide 18 by thermolysis, 
followed by hydrolysis with aqueous acid yields 
desoxybenzoin 19. Compound 19 may be converted to 
benzil 9 by oxidation according to procedures 
discussed in Schemes II-III. 

Scheme V 




25 26 



The compounds of the invention can be prepared 
according to the procedures in Scheme V. The subject 
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imidazoles 24 are obtained from the condensation of 
diketones 23 with aldehydes R^CHO in the presence of 
acetic acid and ammonium acetate, as previously 
described. Scheme V differs from previous synthetic 
5 routes in that it employs an a-diketone 23 that is 

obtained by oxidation of the olefinic intermediate 22. 
This transformation is conveniently accomplished in one 
pot subjecting the olefin to potassium permanganate 
oxidation in acetic anhydride, according to a method of 
10 stilbene oxidation developed by Sharpless, et .al. [J. 
Am. Chem. Soc . , 93, 3303 (1971)]. One may reduce the 
requirement for acetic anhydride by using a cosolvent , 
such as dioxane, ether, or methylene chloride. 
Oxidative sequences involving catalytic permanganate; 
15 catalytic osmium tetroxide followed by Swern oxidation; 
or epoxidation followed by oxidative rearrangement 
present alternatives to the conditions described. 

Olefin 22 may be obtained using Wittig technology 
or other coupling protocols, such as transition metal 
20 mediated cross-coupling, silicon-based (Peterson) 

olefination, or sulf one-based (Julia) coupling. The 
commercial intermediate 25 (X=C1) in the present scheme 
is transformed into an activated phosphorus compound, 
for example, a triphenylphosphonium salt. The 
25 phosphorus species 26 is deprotonated with a strong 
base, lithium ethoxide, generated in situ from n- 
butyllithium and ethanol . Other bases, such as sodium 
hydroxide or potassium t-butoxide present alternatives. 
A primarily aprotic medium could be employed, such as 
3 0 potassium tert-butoxide in tetrahydrof uran or sodium 
amide in dioxane. R 2 CHO represents an aryl aldehyde, 
such as benzaldehyde; an alkyl or cycloalkyl aldehyde, 
such as cyclohexanecarboxaldehyde; or a heterocyclic 
aldehyde, such as thiophene carboxaldehyde . It is 
3 5 recognized that the intermediate methyl sulf one 25 
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could be replaced with a different (e.g. ethyl sulfone) 
or sulphonamide with similar results. 

Olefin 22 may also be obtained by allowing a 
suitable phosphonium salt 21 (X=C1, Br, OTs , or I) to 
react in the presence of strong base, such as lithium 
ethoxide with 4- ( thiomethyl ) benzaldehyde . Oxidation of 
the sulfur atom to the sulfone is conveniently 
accomplished with Oxone® at this stage, but could be 
accomplished with other reagents, such as hydrogen 
peroxide or m-chloroperbenzoic acid, or could be 
effected at another place in the sequence. The 
oxidation step could be entirely eliminated by 
employing 4- (methylsulphonyl ) benzaldehyde in the place 
of 4- (thiomethyl) benzaldehyde. 

Scheme VI 



Hat-Ar — S-CH 3 

II 

o 

27 



1. N-protection 

2. Base, THF, -78°C 

3. B(R) 3 , A 

4. H 2 NOS0 3 H, 

NaOAc , H 2 0 

5. Deprotection 



1. N-protection 

2. Base, THF , -78°C 

3. 0°C, (PhS02) 2 NF 

4. Deprotection 



o 

11 

Het-Ar — S-NH 2 
II 

o 

28 



o 

11 

Het-Ar— S-CHoF 

II 

o 



29 



Synthetic Scheme VI shows the three step 
procedure used to prepare sulfonamide antiinflammatory 
agents 28 and the two step procedure used to prepare 
fluoromethyl sulfone antiinflammatory agents 29 from 
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their corresponding methyl sulfones 27. In step one, 
THF solutions of the methyl sulfones 27 at -78°C are 
treated with an alkyllithium reagent, e.g., 
methyllithium, n-butyllithium, lithium 
5 diisopropylamide (LDA) , etc. In step two, the anions 
generated in step one are treated with an 
organoborane, e.g., triethylborane, tributylborane, 
etc., at -78°C then allowed to warm to ambient 
temperature prior to stirring at reflux. An 
10 alternative to the boron chemistry involves room 
temperature alkylation, such as with 
trimethylsilylmethylhalides, followed by treatment 
with tetrabutylammonium fluoride (1M in THF) . In step 
three, an aqueous solution of sodium acetate and 
15 hydroxylamine-O-sulfonic acid is added to provide the 
corresponding sulfonamide antiinflammatory agents 28 
of this invention. Alternatively, the anion solutions 
generated in step one may be warmed to 0°C and treated 
with N-f luorodibenzenesulf onamide to provide the 
2 0 corresponding fluoromethyl sulfone antiinflammatory 
agents 29 of this invention. 
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Synthetic Scheme VII outlines further indications at 
position 2 of the imidazole compounds of this invention. 
Compound 30 may be obtained via the condensation of 
benzoin 8 with formamide as discussed above. The parent 
imidazole 30, maybe converted to the ethoxyethyl 
derivatives 31 by treatment with ethylvinylether in the 
presence of an acid catalyst. Examples of suitable acid 
catalysts are dichloroacetic acid, p-toluenesulf onic acid, 
methanesulfonic acid and hydrogen chloride. Alternatively 
the ethoxyethyl group may be incorporated by chemical 
procedures known to those skilled in the art and described 
by T.S. Manoharan and R.S. Brown in J. Org. Chem. , 53, 
1107-1110 (1988) . Due to the tautomeric nature of the 
nitrogen atom, two compounds 31 are obtained at the end of 
this process. Both compounds 31 are carried on to 
subsequent steps as a mixture because this group is 
ultimately removed and upon removal one compound is 
obtained from the reaction sequence of interest. A series 
of acyl derivatives can be obtained by conversion of 31 
0 into 32 and then 33 by lithiation via the process of 
Manoharan and Brown, followed by treatment of the 
resulting lithium anion with amides such as 
dimethylformamide (r6=h, R 7 and R 8 =CH3), dimethyl 
acetamide(R 6 ,R 7 , R 8 =CH3) or with amides where R 7 and R 8 = 
5 OMe and CH3 and wherein R 6 may include hydrogen, lower 

alkyl, aryl, aralkyl, and haloalkyl . Subsequent treatment 
with Oxone® results in compounds 33, where R 6 is as 
defined above. The preparation of these amides involves 
the treatment of the appropriate carboxylic acid with N,0- 
0 dimethylhydroxyamine chloride in the presence of 

triethylamine, and 2 -chloromethylpyridinium iodide at room 
temperature in methylene chloride. The preparation of the 
amide where R 7 and R 8 are OMe and methyl, and R 6 is CF3 
can be accomplished by those skilled in art by following 
15 the published procedure in J. Org. Chem,. 56, 4260 (1991). 
Finally, the lithium anion may be treated with other 
electrophiles, for example, trif luoroacetone or N- 
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f luorodibenzenesulf onamide resulting in compounds where 
imidazole position 2 is [CH3(OH)CF3] or phenylsul f ony 1 38, 
respectively. If further modification of the acyl group 
in compounds 32 is desired, the imidazole nitrogen at 
5 position 1 is left protected. This process is exemplified 
by the conversion of compounds 32 into 34, 35, 36, 37 and 
38 where is defined as stated above. The conversion of 
32 into 34 can be performed by treatment of compound 32 
with a reducing agent followed by treatment with Oxone® . 

10 Some examples of reducing agents are sodium borohydride, 
lithium borohydride, zinc borohydride, lithium 
triethylborohydride, RED-AL, borane, alane, and 
diisopropylaluminum hydride. To synthesize ether 
compounds 35 (R 9 is lower alkyl, alkenyl or aralkyl), 

15 ketones 32 are reduced to the corresponding alcohols using 
a suitable reducing agent as defined above. The resulting 
alcohol is treated with a strong base, such as sodium 
hydride or lithium hydride in a suitable solvent, such as 
dimethyl formamide, dimethylsulf oxide or tetrahydrof uran, 

2 0 and then reacted with the appropriate alkyl, aralkyl or 

alkenyl halide. Oxidation of the sulfide to the methyl 
sulfone results in concomitant loss of the nitrogen 
protecting group to produce compounds 35. The conversion 
of compound 32 to 37 may be carried out by those that are 

25 skilled in the art using procedures described by Susan C. 
Sondej and John A. Katzenellenbogen [J. Org Chem. , 51, 
3508-3513 (1986) . 

The following examples contain detailed descriptions 
of the methods of preparation of compounds of Formula I- 

30 III. These detailed descriptions fall within the scope, 
and serve to exemplify, the above described General 
Synthetic Procedures which form part of the invention. 
These detailed descriptions are presented for illustrative 
purposes only and are not intended as a restriction on the 

3 5 scope of the invention. All parts are by weight and 

temperatures are in Degrees centigrade unless otherwise 
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indicated. All compounds showed NMR spectra consistent 
with their assigned structures. 



Example 1 



H 3 C 




>-CF 3 



5 - ( 4 -Fluoropkenyl ) -4 - ( 4 -methyl sulf onylphenyl ) -2- 
trifluorometliyl-lH- imidazole 



Method h 



£JL£32 Ls Prepar ation of 4-f luorophenvl-4 ' - 
TT]Pf liyl f.hi onhenvl- ff-rarbowstilbene (cis and trans) 
5 4-Fluorophenylphenylacetic acid (23.5 g, 0.152 

mol), p-methylthiobenzaldehyde (23.2 g, 0.152 mol), and 
triethylamine (Et3N) (16.2 g, 0.16 mol) were dissolved 
in acetic anhydride (100 ml) and heated to reflux for 8 
hours. After cooling, the contents were poured into 
0 water (500 ml) and stirred for 2 hours. The mixture was 
extracted with methylene chloride, dried (MgS04) and 
concentrated in vacuo. The residue was dissolved in 
methanol (300 ml), 2N KOH (potassium hydroxide) (100 
ml) was added, and the contents were placed on a steam 
5 bath for 3 0 minutes. The mixture was cooled in ice and 
cone. HC1 was added to reach pH 3, forming a 
precipitate. The precipitate was filtered, air dried 
and recrystallized from ethanol (EtOH) to give 24 g 
(50%) of 4-f luorophenyl-4 ' -methylthiophenyl-a- 
0 carboxystilbene (cis and trans) in the first crop: 
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Anal. Calc'd. for C16H13FO2S (M.W. = 288.34): C, 66.65; 
H, 4.54. Found: C, 66.71; H, 4.49. 

Step 2 Preparation of l-(4-fluorophenvl) -2- (4- 

5 methyl thiophenvl) -1-ethanone 

A solution of the stilbene carboxylic acid (11.8 
g, 41 iranol) from step 1, diphenylphosphoryl azide 
<PhO)2PON3 (12.5 g, 1.1 equiv.) and Et3N (5 g, 1.2 
equiv.) in toluene (200 ml) was stirred for 1 hour at 

10 25°C. The contents were poured into water (1 L) , the 

layers separated and the organic layer was washed with 
brine. After filtration through MgS04 , the toluene 
solution was heated at reflux for 1.5 hours under a 
nitrogen atmosphere. After cooling, the solvent was 

15 concentrated in vacuo, and the residue was heated to 

reflux with 2:1 acetic acid:water (50 ml) for 2 hours. 
After cooling, water (50 ml) was added and the 
precipitate was filtered, air dried and recrystallized 
from EtOH to give the ketone (7 g, 65%): m.p. 139- 

20 140°C. Anal. Calc'd. forCi5Hi 3 FOS (M.W. 260.33): C, 

69.21; H, 5.03; S, 12.32. Found: C, 68.94; H, 5.09; S, 
12 .15 . 

Step 3 Preparation of 1- ( 4-f luoroohenvl ) -2- ( 4- 

25 methYlsulfgnYlphgnYl) -1-ethanone 

A solution of 1- (4-f luorophenyl) -2- (4- 
methylthiophenyl ) -1-ethanone from step 2 (15.7 g, 60 
mmol) in methanol (50 0 ml) and tetrahydrof uran (2 00 ml) 
was stirred at 25°C while a solution of OXONE® (40 g, 

3 0 excess) in water (150 ml) was added over 45 minutes. 
The entire reaction mixture was stirred at 40°C for 3 
hours. Water (500 ml) was added and the precipitate was 
filtered and air dried. The desired ketone was 
recrystallized by dissolving in warm chloroform and 

3 5 adding hexane until cloudy. The precipitate formed by 

cooling the solution in a refrigerator was filtered and 
air dried to give the titled ketone (15 g, 80%): m.p. 
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185-187°C. Anal. Calc'd. for C15H13FO3S (M.W. 292.33): 
C, 61.63; H, 4.48; S, 10.97. Found: C, 61.72; H, 4.34; 
S, 11-01. 

Ste p 4 PrPnaraHnn of ] - ( 4 -met.hvlSU 1 f OTIVl Phenyl ) -2 - 

tA-f hior nnhPtivn -Pthanti-1 ■ 2-dione 

A mixture of ketone from step 3 (1 g, 3.5 mmol) , 
selenious acid (H2Se03) (550 mg, 1.25 equiv.), dioxane 
(10 ml) and water (1 ml) were heated to reflux for 4 
hours and cooled. The mixture was filtered and the 
filtrate evaporated. The residue was triturated with 
cold methanol and filtered to give 620 mg (60%) of the 
dione: m.p. 174-175°C. Anal. Calc'd. for C15H11FO4S 
(M.W. 306.31): C, 58.82; H, 3.62; S, 10.47. Found: C, 
58.70; H, 3.60; S, 10.70. 

Step 5 pppsr^inn of 5- ( 4-f 1 uorophsnvl ) -4 ~ ( 4- 
mPthvisu l fnnvinhPnvi ) -7. -tri f 1 uoromethvl -1 H-i mi tiazol e 
A mixture of dione from step 4 (1 g, 4.2 mmol), 
ammonium acetate (2.2 g, 5 equiv.), 

trif luoroacetaldehyde ethyl hemiacetal (2 g, 5 equiv.) 
and acetic acid (20 ml) was heated to reflux for 16 
hours under an argon atmosphere. After cooling, the 
contents were poured into water (100 ml) and 
neutralized with ammonium hydroxide (NH4OH) to pH 6.5. 
The precipitate was filtered, dried in an oven at 80°C 
and recrystallized from ethyl acetate and hexane to 
give 5- (4-f luorophenyl ) -4- ( 4-methylsulf onylphenyl ) -2- 
trif luoromethyl-lH-imidazole (550 mg, 34%) : m.p. 249- 
250°C (dec). Anal. Calc'd. for C17H12F4N2O2S (M.W. 
384.35): C, 53.13; H, 3.15; N, 7.29; S, 8.34. Found: C, 
52.91; H, 2.99; N, 6,97; S, 8.56. 

Mftthod B 

Step 1 prpn^rati nn of l - ( 4 - f luorophenvl ) z2 ~ ( 4 - 
mprhvls ui fnnvlnVipm/1 ) -3-hromoethane-l-one 
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A suspension of 1- (4-f luorophenyl ) -2- 
(methylsulf onylphenyl) -ethane-l-one (Method A, step 3) 
(24 g, 82 mmol) in acetic acid (500 ml) was warmed to 
80°C with stirring, and a solution of bromine (14.38 g, 
0.09 mol) in acetic acid (50 ml) was added over 15 
minutes. The reaction mixture became homogeneous, was 
cooled and stirred an additional 3 hours at 25°. The 
contents were poured into water (3 L) and extracted 
with ethyl acetate. The organic phase was washed with 
aqueous NaHC0 3 , brine and dried (MgS0 4 ) . The dried 
solution was concentrated in vacuo to give a solid 
which was triturated with cold ether to produce 26.5 g 
(87%) of the desired haloketone: m.p. 144-145°C. Anal. 
Calc'd. for Ci 5 Hi 2 BrF0 3 S : C, 48.53; H, 3.26; Br, 21.52; 
S, 8.65. Found: C, 48.34; H, 3.28; Br, 21.19; S, 8.42. 

ste P 2 Preparation of 5- (4-f i nnmp h^vi (A - 
methYlSUlfonvlPhenvl) -2^.rifhinm m p t hvl^H-i^H^ni o 

A mixture of 1- (4-f luorophenyl ) -2- (4- 
methyl sulf onylphenyl) -2-bromo-ethane-l-one from step 
one (3 g # 8.2 mmol), trif luoroacetamidine (925 mg, 8.2 
mmol), NaHC03 (690 mg, 8.2 mmol) and n-butanol (30 ml) 
was heated to reflux for 18 hours, cooled and 
concentrated. The residue was dissolved in water and 
methylene chloride, and the organic phase was 
separated, dried (Na2S04) and concentrated. The residue 
was purified by chromatography on silica gel using 
methanol/toluene (5/95) and the crude product was 
recrystallized from ethyl acetate and hexane to give 
700 mg (22%) of purified material which was identical 
to the material obtained in Method A, step 5. 

Method C 

Step 1 Preparation of 4-flnom- rY-. 
(trimethvlsilvl Iben^Pnft acetnn-ifri ] ^ 
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To a solution of 50.0 g (403 mmol) of 4- 
fluorobenzaldehyde in methylene chloride (100 ml) 
stirring in an ice bath under a nitrogen atmosphere, 
was added dropwise 54 ml (40 g, 403 mmol) of 
5 trimethylsilyl cyanide. After the addition was 

complete, anhydrous zinc iodide (10 mg) was added, and 
stirring continued overnight while the mixture warmed 
to room temperature. The solvent was removed by 
distillation under reduced pressure, and continued 
10 distillation under high vacuum gave the title compound 
(82.2 g) as a very pale straw yellow liquid: bp. 98- 
100°C at 0.8 mm Hg. 

Step 2 prpn^r.tion of 1 - ( 4 - f 1 uorophenvl ) -2 - ( 4- 
15 tt^i-TwI thi nnhPnvl ) -7 -hvdroxv-ett-|fme-l-Qne 

To a cold (-70°C) stirred solution of lithium 
bis (trimethylsilylamide) (11 ml of 1 . 0 M in 
tetrahydrofuran, 11 mmol) in tetrahydrof uran (20 ml) 
under an argon atmosphere was added a solution of 
20 trimethylsilane (TMS) protected cyanohydrin of 4- 

fluorobenzaldehyde from step 1 (2.2 g, 0.01 mole) over 
2 minutes and the reaction mixture was stirred cold (- 
7 0°C) for 15 minutes. A mixture of 4- 
thiomethylbenzaldehyde (1.52 g, 0.01 mol) in 
2 5 tetrahydrofuran (10 ml) was added and the reaction 
mixture was warmed to -50°C for 1 hour. Saturated 
ammonium chloride (NH4CI ) (20 ml) was added and the 
mixture was warmed to 25°C. Water (20 ml) and methylene 
chloride (CH2CI2) (25 ml) were added and the organic 
30 phase was separated and dried (Na2S04). The organic 

solvent was evaporated and the residue was dissolved in 
methanol (10 ml) and treated with 5% H2SO4 (5 ml) at 
25°C overnight. Ether (25 ml) and water (50 ml) were 
added and the ether layer was separated. The ether 
3 5 layer was then stirred vigorously with 0 . 5N NaOH (30 

ml) for 15 minutes. The ether layer was dried (Na2S04), 
evaporated, and the residue was purified by 
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chromatography on silica gel with ethyl acetate/hexane 
(20/80) to yield 1.8 g (67%) of the titled ketone. 
Anal. Calc'd. for C15H13FO2S (M.W. 276.33): C, 65.20; 
H, 4.74; S, 11.60. Found: C, 65.10; H, 4.80; S, 11.75. 

5 

Step 3 Preparation of l-(4-methvlthiQPhfinvn-3-u- 
f luoroohenvl ) -ethane-1 , 2 -dione 

A mixture of ketone from step 2 (1.25 g, 4.5 mmol ) 
and bismuth oxide (Bi203) (2.7 g, 1.2 equiv.) in acetic 

10 acid (20 ml) was warmed to 80°C for 30 minutes. After 
cooling, the mixture was filtered through Celite® 
filter agent and the filtrate was concentrated. The 
residue was dissolved in hot methanol and filtered. The 
solvent was concentrated under a nitrogen stream, 

15 placed in the refrigerator and the precipitate formed 
was filtered to give 1 g (83%) of titled dione: m.p. 
96-97°C. Anal. Calc'd. for Ci 5 HnF0 2 S (M.W. 274.31): C, 
65.68; H, 4.04; S, 11.69. Found: C, 65.42; H, 3.85; S, 
11 .42 . 

20 

Step 4 Preparation of 5 - (4-f luoronhenvl ) -4- (4 - 

methvlthiophenvl) -2-trif luoromethvl -1 H- imidaznl e 

Following the procedure of Example 1, Method A, 
step 5, and using the dione from step 3 above (lg, 3.6 

2 5 mmol), ammonium acetate (2.2 g, 5 equiv.), 

trif luoroacetaldehyde ethyl hemiacetal (1.25 g, 1.75 
equiv.) and acetic acid (30 ml) gave a crude imidazole 
which was purified by chromatography on silica gel with 
toluene to afford 570 mg (45%) of the title compound. 

30 

Step 5 Preparation of 5- (4-f luor oohenvl ) -4- (d - 
methvlsulfonvlohenvl) -2-tr if luoromethvl-lH-imidazol <=> 

A solution of imidazole from step 4 above (550 mg, 
1.6 mmol) in methanol (10 ml) was stirred at 25°C while 

3 5 a solution of OXONE® (1.6 g) in water (3 ml) was added. 

The reaction mixture was stirred for 3 hours at room 
temperature, poured into water (50 ml) and extracted 



SUBSTITUTE SHEET (RULE 26) 



WO 96/03387 



PCT/US95/09505 



60 



with methylene chloride. After drying the organic layer 
(Na2S04) and concentration, the residue was treated 
with cold ethyl acetate, filtered, and air dried to 
give 490 mg (80%) of the titled material which was 
identical with Examples 1 Method A and Method B. 

Example 2 




CH 2 OPh 



5 - ( 4 -Fluorophenyl ) -4 - ( 4 -methylsulf onylphenyl ) -2- 
phenoxymethy 1 - 1H - imidazole 

In a manner similar to Example 1, l-(4- 
methylsulfonylphenyl) -2- (4-f luorophenyl) -ethane- 1, 2- 
dione (Example 1. Method A, step 4) (500 mg, 1.6 mmol) , 
ammonium acetate (1.1 g, 5 equiv.), phenoxyacet aldehyde 
dimethyl acetal (800 mg, 2.5 equiv.) and acetic acid 
(20 ml) gave 4- (4-methylsulf onylphenyl ) -5- (4- 
f luorophenyl) -2 -phenoxymethyl-lH- imidazole (110 mg, 
12%) after chromatography on silica gel using ethyl 
acetate/toluene (30/70) as the eluent and 
recrystallization from ethyl acetate and hexane : m.p. 
189-190°C. Anal. Calc'd. for C23H19N2O3FS • 1 /4 H 2 0 (M.W. 
426.98): C, 64.70; H, 4.60; N, 6.56; S, 7.51. Found: C, 
64.62; H, 4.29; N, 6.22; S, 7.88. 
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Example 3 




5 5 - (4-Fluorophenyl) -4- <4-methylsulf onylphenyl) -2- (2- 

phenyl - trans -eth- 1 - ene ) -1H- imidazole 

Following the procedure of Example 1, l-(4- 
methylsulfonylphenyl) -2- ( 4-f luorophenyl ) -ethane-1, 2- 

10 dione (Example 1, Method A, step 4) (500 mg, 1.6 mmol), 
NH4OAC (1.1 g, 14.3 mmol), trans -cinnamaldehyde (250 
mg, 1.89 mmol) and acetic acid (20 ml) gave 121 mg 
(18%) of the desired imidazole after chromatography on 
silica gel with methanol : toluene (3:97) as the eluent 

15 and recrystallization from cyclohexane: m.p. 221-224°C. 
Anal. Calc'd. for C24H19N2O2FS (M.W. 418.49): C, 68.88; 
H, 4.58; N, 6.69; S, 7.66. Found: C, 68.44; H, 4.57; N, 
6.45; S, 7.61. 

20 Example 4 
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2 - ( 2 -Benzof ury 1 ) - 5 - ( 4 - f luorophenyl ) -4 - ( 4 - 
methylsulf onylphenyl ) -1H- imidazole 

Following the procedure of Example 1, Method A, 1- 
(4-methylsulfonylphenyl) -2- ( 4-f luorophenyl ) -ethane-1 , 2 - 
dione (500 mg, 1.6 mmol) , NH4OAC (1.1 g, 14.3 mmol), 
benzof uran-2-carboxaldehyde (280 mg, 1.92 mmol) and 
acetic acid (20 ml) gave 2- (2 -benzof ury 1) -5- (4- 
f luorophenyl) -4- ( 4-methylsulf onylphenyl ) -lH-imidazole 
(575 mg, 76%) after recrystallization from isopropanol 
and water: m.p. 235-237°C. Anal. Calc'd. for 
C24H17N2O3FS.2H2O (M.W. 468.51): C, 61.53; H, 4.52; N, 
5.98; S, 6.84. Found: C, 61.39; H, 4.27; N, 5.79; S, 
6.82. 

Example 5 




CH 3 



5 - ( 4 -Fluorophenyl ) -2 - isopropyl -4- (4- 
methylsulf onylphenyl ) -1H- imidazole 

Following the procedure of Example 1, Method A, 1- 
(4-methylsulf onylphenyl) -2- (4-f luorophenyl) -ethane-1, 2- 

dione (Example 1, Method A, step 4) (500 mg, 1.6 mmol), 
ammonium acetate (1.1 g, 5 equiv.), isobutyr aldehyde 
(140 mg, 1.25 equiv.) and acetic acid (20 ml) gave 4- 
( 4-methylsulf onylphenyl) -5- (4-f luorophenyl) -2- 
isopropyl-lH-imidazole (380 mg, 66%) after 
recrystallization from ethyl acetate and hexane : m.p. 
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214-215°C. Anal. Calc'd. for C19H19N2O2FS (M.W. 358.44): 
C, 63.67; H, 5.34; N, 7.82; S, 8.95. Found: C, 63.49; 
H, 5.41; N, 7.62; S, 8.97. 



Examp 1 e 6 




5 - ( 4 -Fluorophenyl ) -2 -methyl -4 - ( 4 -methylsulf onylphenyl ) - 

1H- imidazole 

ste P 1 Preparation of 1 - ( 4-metwi i-h- i onh^m/H < a- 
f luoronhenvl ) -1 -ethannnp 

A mixture of polyphosphoric acid (160 g) , 4- 
fluorophenylacetic acid (10 g, 65 mmol ) and thioanisole 
(10 g, 1.2 equiv.) was heated and mechanically stirred 
to 125°C for 20 minutes and cooled to 50°C. Ice was 
added rapidly with external cooling so as to maintain 
the internal temperature at about 50°C. After excess 
ice was added, the reaction was stirred for 3 0 minutes, 
filtered, and the filter cake air dried. The crude 
ketone was recrystallized from EtOH to give 10 g (60%) 
of ketone: Anal. Calc'd. for C 15 Hi 3 FOS (M.W. 260.33): 
C, 69.21; H, 5.03; S, 12.32. Found: C, 69.14; H, 5.00; 
S, 12.23. 

Step 2 Preparation of 1- (4-m P thvithinnhPnvi } 
bromo-2- (4-f luoronhPrivl \ -1-eth^nnn^ 

A mixture of 1- ( 4-methylthiophenyl ) -2- (4- 
f luorophenyl) -1-ethanone from step 1 (9.48 g, 36 mmol) 
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and acetic acid (200 ml) was stirred at 15°C and a 
solution of bromine (5.80 g, 0.036 mol) in acetic acid 
(10 ml) was added dropwise over 5 minutes. The reaction 
mixture was stirred at 25°C for an additional 2 hours. 
The mixture was poured into water (400 ml) with stirred 
for one hour. The precipitate formed was filtered, air 
dried and dried in vacuo at ambient temperature to give 
11.4 g (93%) of the bromoketone: Anal. Calc'd. for 
Cl5 Hi 2 BrFOS (M.W. 339.23): C, 53.11; H, 3.57; S, 9.45; 
Br, 23.55. Found: C, 51.34; H, 3.34; S, 9.62; Br, 
23 .40 . 

step 3 prA^raHnn nf 1 - [ 4-methvlthi ophenv l ) ~2 - ( 4 - 
flnnrnnti pnyl ) -1 -pthannne-2 -acetate 

A mixture of 1- ( 4 -methyl thiophenyl ) -2-bromo-2- (4- 
f luorophenyl) -1-ethanone from step 2 (7.26 g, 21 mmol), 
sodium acetate (NaOAc) (8.6 g, 5 equiv.), 
dimethoxyethane (105 ml) and water (70 ml) was heated 
to reflux for 4 hours, cooled, poured into water (400 
ml) and extracted with methylene chloride. The organic 
extract was dried (MgS04> , filtered, concentrated in 
vacuo and the residue was purified by chromatography on 
silica gel with toluene to give 5 g (74%) of the 
acetate which slowly crystallized upon standing: Anal. 
Calc'd. for C17H15FO3S (M.W. 318.37): C, 64.14; H, 4.75; 
S, 10.07. Found: C, 63.89; H, 4.68; S, 9.81. 

St ep 4 prpparat.i o n nf A - ( 4 -methvl thl QPhenvl ) -5 - ( 4- 

finnrophPnvl ) -2- ^1- hvl -lH-imidazole 

The 1- (4-methylthiophenyl) -2- (4-f luorophenyl ) -1- 
ethanone-2 -acetate from step 3 (7 00 mg, 2.2 mmol) was 
heated to 180°C in formamide (10 ml) under a nitrogen 
atmosphere for 2 hours. After cooling, the mixture was 
poured into water (50 ml) and extracted with methylene 
chloride. The extract was dried (Na2S04), evaporated, 
and the residue was purified by chromatography on 
silica gel with toluene /methanol (95/5) containing 0.5% 
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NH4OH to give 132 mg (20%) of imidazole: Anal. Calc'd. 
for C17H15N2FS (M.W. 298.38): C, 68.43; H, 5.07; N, 
9.39; S, 10.17. Found: C, 68.14; H, 5.18; N, 9.09; S, 
10.31. 

5 

Step 5 Preparation of 4- ( 4 -methvlsulf onvlphenvl ) -5- 

(4-f luorophenvl ) -2 -methvl-lH-imidazol e 

In a manner similar to Example 1, Method C, step 

4, 4- (4-methylthiophenyl) -5- (4-f luorophenyl ) -2 -methyl - 
10 lH-imidazole (114 mg, 0.4 mmol) from step 4 was 

converted to 5- (4-f luorophenyl ) -2 -methyl -4- ( 4- 

methylsulf onylphenyl ) -lH-imidazole (107 mg, 95%): Anal. 

Calc'd. for C17H15N2O2FS (M.W. 330.38): C, 61.80; H, 

4.58; N, 8.48; S, 9.71. Found: C, 61.90; H, 4.61; N, 
15 68.35; S, 9.39. 

Examp 1 e 7 




20 

5- (4-Fluorophenyl) -2- (2-furyl) -4- (4- 
methylsulf onylphenyl ) -1H- imidazole 

In a manner similar to Example 1, Method A, l-(4- 
2 5 methylsulf onylphenyl ) -2- (4-f luorophenyl ) -ethane-1 , 2- 

dione (Example 1, Method A, step 4) (500 mg, 1.6 mmol), 
ammonium acetate (1.1 g, 5 equiv.), 2 -f uraldehyde (170 
mg, 1.1 equiv.) and acetic acid (20 ml) gave 308 mg 
(50%) of product after chromatography on silica gel 
30 with ethyl acetate/toluene (50/50) and 
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recrystallization from isopropanol : m.p. 244-246°C 
(dec). Anal. Calc'd. for C20H15N2O3FS (M.W. 382.42): C, 
62.82; H, 3.95; N, 7.33; S, 8.38. Found: C, 62.63; H, 
4.06; N, 7.13; S, 8.39. 



A mixture of S-benzylisothiourea hydrochloride 
(300 mg, 1.5 mmol), 1- (4-f luorophenyl) -2- (4- 
methylsulf onylphenyl) -2-bromoethan-l-one (Example 1, 
Method B, step 1) (500 mg, 1.3 mmol) and NaHC03 (500 
mg, 6 mmol) in EtOH (10 ml) was heated to reflux for 3 
hours. After evaporation of the solvent, the residue 
was treated with water (25 ml) and extracted with 
methylene chloride (25 ml). After drying (MgSC-4), the 
organic phase was evaporated. The residue was purified 
by chromatography on silica gel, eluting with ethyl 
acetate/toluene (25/75) . The crude material was 
recrystallized from toluene and hexane to give 100 mg 

(17%) of titled product: m.p. 155-156°C. Anal. Calc'd. 

for C23H19FN2O2S2: C, 62.99; H, 4.37; N, 6.39; S, 14.62. 

Found: C, 62.93; H, 4.41; N, 5.98; S, 14.33. 



Example 



H 3 C 




2-Benzylttiio-5- (4-f luorophenyl > -4- [4- 
(methylsulf onyl )phenyl] -1H- imidazole 
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Example 9 



N 

CH 2 OH 

N 
I 

H 
F 

5 5- (4-Fluorophenyl) -2-hydroxymethyl-4- [4- 

(methylsulf onyl ) phenyl] imidazole 

Step 1 Preparation of S- (4-f hinr onhenvl 1-4- ( 4- 
methvlthiophenvl ) -lH-imidazolg 

10 1- (4-Fluorophenyl) -2- ( 4 -methyl thiophenyl ) -2- 

hydroxy-ethane-l-one (Example 1, Method C, step 1) 
(12.25 g, 44 mmol) was heated at 200°C in formamide 
(2 00 ml) for 4 hours under a nitrogen atmosphere. 
After cooling, the reaction was poured into 1 L of ice 

15 water and stirred rapidly for 30 minutes. The 

precipitate was filtered and air dried. The crude 
material was recrystallized from EtOH to give 7.5 g 
(60%) of imidazole: m.p. 195-196°C (dec). Anal. 
Calc'd. for Ci 6 Hi 3 N 2 FS: C, 67.58; H, 4.61; N, 9.85; S, 

20 11.28. Found: C, 67.51; H, 4.51; N, 9.68; S, 11.33. 

Step 2 Preparation of 5- U-f lu orophenvl) -4- ( 4- 

methvlthiophenvl) -1- (1-methvl-l-et.hn xvmethvl } -1 H- 

25 A mixture of the imidazole described in step 1 

(500 mg, 1.7 mmol), ethyl vinyl ether (250 mg, 3.4 
mmol) and dichloroacetic acid (200 mg, 1.5 mmol) was 
heated to reflux in toluene (5 ml) for 6 hours. After 
cooling, the mixture was stirred with IN NaOH (2 ml) 
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for 3 0 minutes. The organic layer was separated and 
dried over K2CO3 (anhyd.) and the residue, after 
evaporation, was purified by chromatography on silica 
gel, eluting with toluene/methanol (95/5), to give 520 
mg (86%) of the titled compound as an oil: Anal. 
CalC'd. for C 2 oH 2 lN 2 OFS: C, 67.39; H, 5.94; N, 7.86; S, 
8.99. Found: C, 67.51; H, 5.88; N, 7.55; S, 9.05. 

Step 3 Prpnwratinn nf 5 - t 4 - f 1 noronhenvl ) -4 - ( 4 - 

rnPfhvlf.hirmhPnvl ) - 1 H- S nn dazol e-2 -CarbOXaldefrvd e 

A solution of the compound from step 2 (50 0 mg, 
1.4 mmol) and tetramethylethylenediamine (TMEDA) (186 
mg, 1.6 mmol) in tetrahydrof uran (8 ml) was cooled to 
-7 0°C under an argon atmosphere. n-Butyllithium (1.2 
ml of 1.6M solution in hexane, 1.9 mmol) was added and 
the solution stirred at -70°C for 15 minutes. 
Dimethyl formamide (DMF) (140 mg, 1.9 mmol) was added 
and the solution was warmed to 0°C . The reaction was 
quenched by the addition of saturated NaHC03 solution 
(2 ml) and extracted with diethyl ether. The organic 
phase was separated and dried (Na2S04) . The drying 
agent was filtered and the filtrate concentrated in 
vacuo. The residue was treated with 2N HC1 (5 ml) in 
EtOH (10 ml) at room temperature for 24 hours. The 
reaction solution was made basic with NaHC03 , diluted 
with water (20 ml) and extracted with methylene 
chloride. After evaporation, the residue was purified 
by chromatography on silica gel, eluting with 
toluene/methanol (90/10), to give 350 mg (70%) of 
titled compound which was used immediately without 
further purification. 

Step 4 Prpnarat inn nf 5- I A-f 1 uoronhenvl ) -2- 

hvriroxvmprhvi -4 - f A-mftthvi thi oohenvl 1 -1H- imidazol e 

A solution of compound from step 3 (350 mg, 1 
mmol) and NaBH4 (75 mg, 2 eq.) in methanol (10 ml) was 
stirred for 1 hour at 25°C. The reaction was acidified 
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with 2N HC1 (4 ml), stirred for 2 hours and placed on a 
steam bath for 2 minutes. After cooling, the mixture 
was neutralized with aqueous NaHC03 solution, extracted 
with methylene chloride, dried (MgS04) and evaporated. 
5 The residue was purified by chromatography on silica 
gel, eluting with toluene/methanol (90/10). The crude 
product was recrystallized from ethyl acetate/hexane to 
give 240 mg (78%) of pure 5- ( 4-f luorophenyl ) -2 - 
hydroxymethyl-4- ( 4 -methyl thiophenyl ) -lH-imidazole : m.p . 
10 108-110°C. Anal. Calc'd. for C17H15N2OFS : C, 64.95; H, 
4.81; N, 8.91; S, 10.20. Found: C, 64.69; H, 4.92; N, 
8.79; S, 10.41. 

Step 5 Preparation of 5- (4-f lii orophenvl ) - 2- 
15 hvdroxvmethvl-4- T4 - (methvlsul fonvl ) phe nyl 1 imidazol e 

A mixture of 2 -hydroxymethyl-imidazole from step 4 
(150 mg, 0.4 mmol), OXONE® (450 mg, excess), water (2 
ml) , methanol (5 ml) and tetrahydrof uran (3 ml) was 
stirred at 25°C for 2 hours. The reaction mixture was 
20 diluted with water (20 ml) and extracted with methylene 
chloride. After removal of solvent, the crude material 
was recrystallized from toluene to give 80 mg (70%) of 
4- ( 4-f luorophenyl ) -2 -hydroxymethyl-5- (4- 
methylsulf onylphenyl ) -lH-imidazole : m.p . 115-117°C . 
25 Anal. Calc'd. for Ci7Hi5N20 3 FS*H 2 0 : C, 56.03; 4.70; N, 
7.69; S, 8.80. Found: C, 56.02; H, 4.64; N, 7.45; S, 
8.90. 

Example 10 
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5_ (3_Fluoro-4-methoxyphenyl) -4- [4- 
(methylsulfonyl) phenyl] -2- (trif luoromethyl) -1H- 
5 imidazole 

Step 1 Prpnarati on of 3 - f 1 DOro-4 -methQXV-fl 

- r ffHrnPt hvl si lvl > nxvl henzPTiencetonitrile 

3-Fluoro-p-anisaldehyde (15 mmol, 2.31 g) and 
10 trimethylsilyl cyanide (16 mmol, 2.13 ml) were added to 
Znl2 (15 mg) . The mixture was stirred for 3 hours at 
room temperature and vacuum distilled (£3_j_ 1 torr, 
105°C) affording the title compound as an oil (3.38 g, 
89%) . 

15 

Step 2 PrPnarat i nn of 1- t 3 - f 1 uoro-4 -methOXVPhenvl ) - 

S-hvrlmxv-2- f A - fmgt-.hvl 1-hi ninhenvl 1 ethanone 

A dry flask under an argon atmosphere containing 
tetrahydrofuran (25 ml) was cooled to -78°C. Lithium 

20 hexamethyldisilazide (1M in tetrahydrofuran, 15 ml) was 
introduced, followed by 3-f luoro-4-methoxy-a 
-[ (trimethylsilyl ) oxy ] benzeneacetonitrile from step 1 
(13. 4 mmol, 3.38 g) , which was transferred using £a. 
10 ml of tetrahydrofuran. After 20 minutes, (4- 

2 5 methylthio)benzaldehyde (14.4 mmol, 1.92 ml) was added. 
The reaction was quenched after an hour by addition of 
5% HC1 (60 ml) and KHF 2 (22 mmol, 1.75 g) . The mixture 
was stirred for 1.5 hours at room temperature and 
extracted into ethyl acetate (150 ml) . The organic 
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phase was separated and stirred for 1 hour in the 
presence of aqueous NaOH {1.20 g in 50 ml). The 
organic layer was separated, dried over MgS04 / 
concentrated in vacuo and subjected to chromatography, 
5 affording the title compound (2.00 g, 50%) as a waxy 
solid . 

Step 3 Preparation of 1- (3-f luorQ-4-met hoxvphenvl ) - 

2 - f4 - (methvlthio ) phenyl 1 ethane-1 , 2-d-inn^ 
10 1- (3-Fluoro-4-methoxyphenyl) -2 -hydroxy-2- [4- 

(methylthio ) phenyl ] ethanone from step 2 (6.5 mmol , 2.00 

g) was diluted with glacial acetic acid (30 ml) . 

Bismuth oxide (11.4 mmol, 5.3 0 g) was added and the 

mixture was heated at 90°C for 2 hours. The crude 
15 mixture was filtered through Celite® filter agent, 

lyophilized and subjected to chromatography, affording 

the title compound as a yellow solid (642 mg, 32%) . 

Step 4 Preparation of 5 - (3-f liinro-4-mftf.h oxvphenv] ) - 

2 0 4- f 4 - (methvlthio) Phenyl 1 -2- ( trif luoromet-.hvl ) -1 H- 

imidazole 

To 1- (3-f luoro-4-methoxyphenyl) -2- [4- 
(methylthio) phenyl] ethane-1, 2-dione from step 3 (2.1 
mmol, 63 8 mg) was added ammonium acetate (12 mmol, 
25 0.925 g) , glacial acetic acid (10 ml) and 

trif luoroacetaldehyde ethyl hemiacetal (5.5 mmol, 0.64 
ml) . The mixture was brought to reflux. After 6 
hours, additional hemiacetal (0.2 ml) was added and the 
mixture was heated an additional 16 hours. 

3 0 Lyophilization followed by chromatography (1:20 

methanol in toluene) afforded the imidazole as a glass 
( 52 6 mg) . 

Step 5 Preparation of 5- (3-f luo ro-4-methoxvnhftnvl )- 
3 5 4- r 4- (methvlsulfonvl) Phenyl 1 -2- (trif lnorn methvl I-1 H- 
imidazole 
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4- (3-Fluoro-4-methoxyphenyl) -5- [4- 
(methylthio) phenyl] -2- ( trif luoromethyl ) -lH-imidazole 
(516 mg, 1.35 mmol) from step 4 was dissolved in 
methanol (10 ml) and cooled to 0°C. OXONE® (2.46 g, 4 
mmol) in water (10 ml) was added. After the addition, 
the ice bath was removed and the reaction was stirred 
at ambient temperature for 3 hours. The mixture was 
extracted with chloroform (3 x 50 ml) . The combined 
organic phases were dried (MgS0 4 ) and concentrated in 
vacuo. The residue was purified by chromatography, 
affording 4- (3-f luoro-4-methoxyphenyl ) -5- [4- 
(methylsulfonyl) phenyl) -2- ( trif luoromethyl ) -1H- 
imidazole as a solid (98 mg) : m.p. 228-234°C (DSC). 
The structure assignment was supported by NMR. Mass 
spectrum (EI, m/e) : 414. Anal. Calc'd. for 
C18H14N2F4O3S: C, 52.17; H, 3.41; N, 6.76. Found: 
C, 52.30; H, 3.62; N, 6.53. 

Example 11 




5- (4-Chlorophenyl) -4- [4- (methylsulf onyl ) phenyl ] -2- 
( trif luoromethyl ) -1H- imidazole 

Step 1 Prpnaratinn of 4-ChlorQ-g 

- [ (rrime ^yl *H lyj LQ2Sd benzeneacetoni t ril e 

The title compound was prepared from 4- 
chlorobenzaldehyde (2.81 g) by the method of Example 
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10, step 1 (distilled at ca . 1 ton, 98-100°C) , 
affording an oil (4.53 g, 94%). 

Step 2 Preparation of 1- ( 4 -chloroohenvl ) -2 -hydroxy- 

5 2- f4- (methvlthio ) phenyl 1 ethanone 

The title compound was prepared from 4-chloro-a 
- [ (trimethylsilyl) oxy ] benzeneacetonitrile from step 1 
(18.9 mmol, 4.53 g) by the method of Example 10, step 
2, affording a solid (3.05 g, 55%). 

10 

Step 3 Preparation of 1- (4-chlorophenvl ) -2- T4- 
( methvlthio ) phenyl 1 ethane-1 . 2-dione 

The title compound was prepared from l-{4- 
chlorophenyl ) -2 -hydroxy ~2 - [4- 
15 (methyl thio) phenyl ] ethanone from step 2 (4.5 mmol, 1.31 
g) by the method of Example 10, step 3, affording a 
yellow solid (929 mg, 71%) . 

Step 4 Preparation of 5- (4-chlo rophenvl ) -4- f 4- 

2 0 (methvlthio) Phenyl 1 -2- (trif luoromethvl) -lH -imidazol e 

The title compound was prepared from l-(4- 
chlorophenyl) -2- [4- (methylthio) phenyl] ethane-1 , 2-dione 
of step 3 (3.0 mmol, 87 0 mg) by the method of Example 
10, step 4, affording a foam (516 mg, 47%). 

25 

Step 5 Preparation of 5- ( 4 -chlorophenv l ) -4- T 4- 

(methvlsul fonvl) phenyl 1 -2- ( trif luoromethvl ) -1H- 

The title compound was prepared from 4- [4- 

3 0 (methylthio) phenyl ] -5- (4-chlorophenyl ) -2- 

( trif luoromethyl ) -lH-imidazole from step 4 (488 mg, 1.3 
mmol) by the method of Example 10, step 5, affording a 
solid (103 mg) . The structure assignment was supported 
by NMR. Mass spectrum (EI, m/e): 400. Anal. Calc'd. 
35 for Ci 7 Hi2N2ClF3O 2 S*0.5 H 2 0 : C, 49.82; H, 3.20; N, 6.84. 
Found: C, 49.52; H, 2.98; N, 6.46. 
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Example 12 




5 5- (2-Chlorophenyl) -4- [4- (methylsulf ony 1 ) phenyl ] -2- 

(trif luoromethy 1 ) -1H- imidazole 

Step 1 Prftnaration of 2-chloro-a 
- r ftHTnethvlsilvDoxvlbenzeneacetonitrile 
0 The title compound was prepared from 2- 

chlorobenzaldehyde (2.81 ml) by the method of Example 
10, step 1 (distilled at 1 torr, 92°C) , affording 

an oil (5.61 g, 94%) . 

5 Step 2 Preparation of 1- ( 2 -chlorophenvl ) -2-hydroxy- 
2- f4- (methvlt hio ) phenyl lethanone 

The title compound was prepared from 2-chloro-a 
- [ ( trimethylsilyl) oxy ] benzeneacetonitrile (23 .5 mmol, 
5.61 g) from step 1 by the method of Example 10, step 

0 2, affording a solid (1.54 g, 22%). 

Step 3 Preparati on of 1 - ( 2 -chloroohenvl ) -2 -hydroxy- 
7 . f 4 _ f methyl thiol phenyl 1 ethanone 

The title compound was prepared from l-{2- 
15 chlorophenyl) -2- [4- (methylthio ) phenyl ] ethane-1, 2-dione 
from step 2 (5.27 mmol, 1.54 g) by the method of 
Example 10, step 3, affording a yellow solid (374 mg, 
24%) . 
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Step 4 Preparation of 5- ( 2 -chl o rophenvl ) -4- f d - 
(^ethvlthio) Phenyl 1 -2- ( trif luoromethvl ] -l H-imidazol e 

The title compound was prepared from l-(2- 
chlorophenyl ) -2 -hydroxy -2- [4- 

(methylthio ) phenyl ] ethanone from step 3 (1.27 mmol, 37 0 
mg) by the method of Example 10, step 4, affording a 
white solid (291 mg, 62%) . Mass spectrum (EI, m/e) : 
368. Anal. Calc'd. for C17H12N2CIF3S : C, 55.36; H, 3.28; 
N, 7.60. Found: C, 55.46; H, 3.13; N, 7.28. 

Step 5 Preparation of 5- f 2-chioron henvl 1 -4- \ A- 
(methvl sul f onvl ) phenyl 1 -2 - f tr j fl uorom^hvl \ -1 H- 

imidazole 

4- [4- (Methylthio) phenyl] -5- (2-chlorophenyl) -2- 
(trif luoromethyl) -lH-imidazole from step 4 (285 mg, 
0.77 mmol) was dissolved in acetic acid (6 ml) . 
Hydrogen peroxide (30%, 0.23 ml) was added and the 
solution was heated over a steam bath for 40 minutes. 
Lyophilization followed by chromatography afforded the 
title compound as a white foam (133 mg) . The structure 
assignment was supported by NMR. Mass spectrum (EI, 
m/e): 400. Anal. Calc'd. for C17H12N2CIF3O2S : C, 50.80; 
H, 2.92; N, 6.76. Found: C, 50.94; H, 3.02; N, 6.99. 

Examp 1 e 13 




5- (3,4-Dichlorophenyl) -4- [4- (methylsulf onyl) phenyl] -2- 
(trif luoromethyl) -lH-imidazole 
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Step 1 Prpnaratinn of 3 , 4-fii Ch l orQ- tt 

_ [ (r r ^hvV s i ivi loxvlhpnzeneacetrpnitril e 

The title compound was prepared from 3,4- 
5 dichlorobenzaldehyde (25 mmol, 4.375 g) by the method 
of Example 10, step 1 (distilled at ca. 1 torr, 115°C) , 
affording the title compound as an oil (6.49 g, 95%). 

Step 2 Prpn.rar.io n of i - (3 . chlororhenvl ) -2- 

10 f4 - (mP^y 1 thi niphpnvl 1 ethanone 

A dry flask under an argon atmosphere containing 
tetrahydrofuran (50 ml) was cooled to -78°C. Lithium 
hexamethyldisilazide (1M in tetrahydrofuran, 2 5 ml) was 
introduced, followed by a solution of 3 , 4-dichloro-a 

15 - [ (trimethylsilyl) oxy ] benzeneacetonitrile from step 1 
(23.7 mmol, 6.49 g) in tetrahydrofuran (10 ml). After 
2 0 minutes, (4-methylthio)benzaldehyde (25 mmol, 3.33 
ml) was added. The reaction was quenched after an hour 
by addition of 10% HC1 (100 ml) and KHF 2 (40 mmol, 3.12 

2 0 g) . The mixture was stirred 45 minutes at room 

temperature, then extracted into ethyl acetate (200 
ml) . The organic phase was separated, washed with 
saturated NaCl solution (50 ml), then stirred for 1 
hour in the presence of aqueous NaOH (1.14 g in 50 ml) . 
25 The organic layer was separated, dried over MgS04, 

concentrated in vacuo and subjected to chromatography 
on silica gel (2:1 hexane/ethyl acetate), affording the 
title compound (2.32 g, 30%) as a waxy solid. 

3 0 Step 3 Prpnaratinn of i - [ 3 , 4 -dich] orophenvl ) -2 - f 4- 

(^pthvl t-hi phPnvl 1 pfhane-1 , 2-dion e 

Dimethyl sulfoxide (16.3 mmol, 1.20 ml) was added 
to methylene chloride (70 ml) and the solution was 
cooled to -65°C. Trif luoroacetic acid anhydride (13.1 
35 mmol, 1.84 ml) was added over 2 minutes and the cold 
solution was stirred an additional 10 minutes. A 
solution of 1- (3, 4-dichlorophenyl ) -2-hydroxy-2- [4- 
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(methylthio) phenyl Jethanone from step 2 (7.10 mmol, 
2.32 g) in methylene chloride (ca. 10 ml) was 
introduced and after 3 0 minutes, triethylamine (32.6 
mmol, 4.53 ml) was added. The mixture was warmed to 
0°C over 30 minutes, diluted with water (60 ml) and 
extracted with ethyl acetate (200 ml). The organic 
phase was separated, dried over magnesium sulfate, 
filtered through silica gel, and concentrated in vacuo. 
The residue was subjected to chromatography on silica 
gel using mixtures of hexane and ethyl acetate as 
eluents, affording the title compound as a yellow solid 
(2 .035 g, 88%) . 

ste P 4 Preparation of s- n ^zsjishloxos h sn^ll^l ^- 
(methYJf.hiQ) phenyl 1 -?- (tri finnmn^hvi ) -i^-jmi fezpi - 

The title compound was prepared from l-(3,4- 
dichlorophenyl) -2- [4- (methylthio) phenyl ] ethane-1 , 2 - 
dione from step 3 (6.26 mmol, 2.035 g) by the method of 
Example 10, step 4, affording a viscous oil (1.374 g 
54%). 



ste P 5 Preparation of 5- (3 4-riirhinm D h^vn-i-r /i- 
(methv l Pulfony] )pnenv!1 -2- (tri f iiinr^ 0 h^ v1 

imidazol p 

The title compound was prepared from 5- (3, 4- 
dichlorophenyl) -4- [4- (methylthio) phenyl] -2 - 
(trifluoromethyl) -lH-imidazole from step 4 (3.41 mmol, 
1.3 74 g) by the method of Example 12, step 5, 
affording, after two recrystallizations from ethyl 
acetate and hexane, a solid (395 mg) : m.p. 249-251°C 
(DSC). The structure assignment was supported by NMR . 
Anal. Calc'd. for C17H11CI2F3O2S : C, 46.91; H, 2.55; 
N, 6.44. Found: C, 47.15; H, 2.93; N, 5.91. 

Example 14 
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10 



4- [A- (Methylsulfionyl)plienyl] -3- (2-napktliyl) -2- 
(trif luoromethyl) -1H- imidazole 

step i r r-r^ rnfi^n ^ a - r (t-rimethvlsi 1 vl ) oxvl z2 - 

n anhMiv 1 f^rnni f rile 

The title compound was prepared from 2- 
naphthaldehyde (25 mmol, 3.90 g) by the method of 
Example 10, step 1, (distilled at cjl. 1 torr, 110°C> . 
affording an oil (4.896 g, 77%). 



Step 2 prpnarat.jnn of 2 -hvrirOXV-2 - [ 4- 

r^v^-lfh-io^ h . ^' 1 l-l-(?-nanhthv3 ) -ethflnon e 
15 The title compound was prepared from 

a -[ (trimethylsilyl)oxy]-2-naphthylacetonitrile from 
step 1 (19.2 mmol, 4.89 g) by the method of Example 13, 
step 2, affording a solid (3.28 g, 55%). 

20 step 3 EESBaxa^isn of 2- f4- fm^hyl thiQl^ftnyll -1- ( 2- 

napfit-hvl lethin*- 1 ?-dione 

The title compound was prepared from 2-hydroxy-2- 
[4- (methylthio) phenyl] -1- (2-naphthyl) -ethanone from 
step 2 above (6.50 mmol, 2.00 g) using the method of 
25 Example 10, step 3, affording a yellow solid (968 mg, 
49%) . 

step 4 ppn- H ^ " f 4-r4-(mertiyUtiio)phPTiyn-5-( 2- 
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The title compound was prepared from 2-[4- 
(methylthio) phenyl] -1- (2-naphthyl) ethane-1, 2-dione 
(3.14 mmol, 960 mg) from step 3 above by the method of 
Example 10, step 4, affording a white solid (675 mg, 
5 56%) . 

Step 5 Preparation of 4- f 4- fmethvlsulf onvl ) phenyl 1 - 

5- (2-naphthvl) -2- (trif luorgmethYl) -lH-imiclazQle 

The title compound was prepared from 4- [4- 
10 (methylthio) phenyl] -5- (2-naphthyl) -2- ( trif luoromethyl ) - 
lH-imidazole of step 4 above (1.77 mmol, 675 mg) by the 
method of Example 12, step 5, affording, after 
recrystallization from acetone and hexane, a solid (3 93 
mg, 54%) . The solid was diluted with acetone ( ca . 1 
15 ml) and concentrated in vacuo to remove traces of 

hexane: m.p. 228-230°C (DSC) . The structure assignment 
was supported by NMR. Mass spectrum (EI , M/e) : 416. 
Anal. Calc'd. for C21H15F3N2O2S : C, 60.57; H, 3.63; N, 
6.73. Found: C, 60.13; H, 3.97; N, 6.34. 

20 

Example 15 




2 5 5- ( 4 -Methoxyphenyl ) -4- [4- (xaethylsulf onyl ) phenyl] -2- 

( trif luoromethyl) -lH-imidazole 

Step 1 Preparation of 4-methoxv-tt 

- f ( trimethvlsilvl) oxvl benzeneacetoni t rile 
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The title compound was prepared from p- 
anisaldehyde (25 mmol, 3.03 ml) by the method of 
Example 10, step 1 (distilled at ca . 1 torr, 102°C) , 
affording an oil (5.74 g, 98%). 

5 

Step 2 Preparat ion of 2-hvdroxv-l- ( 4 -methoxvphenvl ) - 
7- \A- (methvl Mii n ) nhenvl 1 ethanone 

The title compound was prepared from 4-methoxy-a 
- [ ( trimethylsilyl ) oxy ] benzeneacetonitrile from step 1 
10 above (24.4 mmol, 5.74 g) by the method of Example 13, 
step 2, affording a solid (5.53 g, 79%). 

Step 3 Preparat ion of 1- ( 4 -methoxvphenvl ) -2- T4- 
[fflfilM thio)nhPnvll ethane-1, 2-dione 
15 The title compound was prepared from 2-hydroxy-l- 

(4-methoxyphenyl) -2- [4- (methyl thio) phenyl] ethanone from 
step 2 (5.64 mmol, 1.63 g) using the method of Example 
10, step 3, affording a yellow solid (968 mg, 60%). 

2 0 Step 4 Preparat ion of 5- ( 4-methoxvphenvl ) -4- [ 4- 

(methylthio 1 phenyl 1 - 2 - (trif luoromethvl) -1H- imidazole 

The title compound was prepared from l-(4- 
methoxyphenyl ) -2- [4- (methylthio) phenyl] ethane-1, 2-dione 
from step 3 (3.33 mmol, 952 mg) by the method of 

2 5 Example 10, step 4, affording a viscous oil (411 mg, 
34%) . 

Step 5 Preparation of 5 - ( 4 -me thoxyphenvl } -4 - [ 4 - 

fmethvlsulf onvl ) phenyl 1 -2- ( trif luoromet hvl ) -1H- 

30 imidazole 

The title compound was prepared from 5- (4- 
methoxyphenyl) -4- [4- (methylthio) phenyl] -2- 
( trif luoromethyl ) -lH-imidazole from step 4 (1.12 mmol, 
0.408 g) by the method of Example 12, step 5, 
35 affording, after recrystallization from ethyl acetate 
and hexane, a solid (236 mg, 53%) . The solid was 
diluted with acetone 1 ml) and concentrated in 
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vacuo to remove traces of hexane . The structure 
assignment was supported by NMR. Anal. Calc'd. for 
C18H15F3N2O3S: C, 54.54; H, 3.81; N, 7.07. Found: C, 
54.83; H, 3.83; N, 6.62. 
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Example 16 




5 5- <4-Metnylpnenyl) -4- [4- (methylsulf onyl) phenyl] -2- 

( trif luoromethyl ) -1H- imidazole 

Step 1 Prpnaration of 4-Tnethvl-a 
-f Ltximefcftttl s ilaJ > "wlhenzeneacetonitr i l e 
10 The title compound was prepared from p- 

tolualdehyde (25 mmol, 2.94 ml) by the method of 
Example 10, step 1 (distilled at £3. 1 torr, 96°C) , 
affording an oil (5.23 g, 96%) . 

15 step 2 Prpn.ration of ?. -hvdroxv-1 - ( 4 -methv l Phenyl ) - 

2- \a- ( m pt-hvl i-b-ir^nhgnvl 1 -ethanone 

The title compound was prepared from 4-methyl-oc 
- [ (trimethylsilyl)oxy]benzeneacetonitrile from step 1 
(23.7 mmol, 5.20 g) by the method of Example 13, step 
20 2, affording a solid (5.53 g, 70%). 

st ep 3 prpparal-.inn nf 1 - ( 4 -met hvlphenvl ) -2 - f 4 - 

(Tnet-^i t-hi n^hpnvl 1 fithanp-1 . 2-dione 

The title compound was prepared from 2-hydroxy-l- 
25 (4-methoxyphenyl) -2- [4- (methylthio) phenyl ] ethanone froi 
step 2 (5.64 mmol, 1.63 g) using the method of Example 
10, step 3, affording a yellow solid (968 mg , 60%). 
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Step 4 Preparation of 5- ( 4-meth vlohenvl ] -4- T 4- 
(methvlthio) Phenyl 1 -2 - ( trif luoromethvl } - IH-imidaznl P 

The title compound was prepared from l-(4- 
methylphenyl) -2- [4- (methylthio) phenyl ] ethane-1, 2-dione 
from step 3 (3.29 mmol, 889 mg) by the method of 
Example 10, step 4, affording a viscous oil (345 mg, 
30%) . 

Step 5 Preparation of 5- ( 4-methvlphenvl ) -4- \A- 
(methvlsul fonvl) Phenyl 1 -2- (trif l uoromethvl ) -1 H- 
ilTliflflSQle 

The title compound was prepared from 5- (4- 
methylphenyl) -4- [4- (methylthio) phenyl ] -2- 
(trif luoromethyl) -lH-imidazole from step 4 (1.00 mmol, 
0.345 mg) by the method of Example 12, step 5, 
affording, after recrystallization from acetone and 
hexane, a solid (95 mg, 25%): m.p. 234-238°C (DSC). 
The structure assignment was supported by NMR. Anal. 
Calc'd. for C18H15F3N2O2S : C, 56.84; H, 3.97; N, 
7.36. Found: C, 56.68; H, 3.98; N, 7.09. 

Example 17 




5- (2, 4-Dif luorbphenyl) -4- [4- (methylsulf onyl) phenyl] -2- 
(trif luoromethyl) -1H- imidazole 

Step 1 Preparation of 2 , 4-dif hinrn-n 

z [ ( trimethvlsilvl ) oxvl benzeneacetonitri 1 p 



SUBSTITUTE SHEET {RULE 26) 



WO 96/03387 



PCT/US95/09505 



84 



10 



20 



The title compound was prepared from 2,4- 
difluorobenzaldehyde (25 mmol, 2.73 ml) by the method 
of Example 10, step 1 (distilled at 1 torr, 80°C) , 

affording an oil (5.83 g, 97%). 

ste p 2 EEfipaxafcisn of i-(2.4-diflugroi>henyl)- 2- 
wimxv- ?- \a- (methyl thioiphpnvl 1 -ethanone 

The title compound was prepared from 2 , 4-dif luoro- 
a - [ (trimethylsilyl)oxy]benzeneacetonitrile from step 1 
(24.2 mmol, 5.85 g) by the method of Example 13, step 
2, affording a solid (3.63 g, 51%). 



Step 3 EESBaxafcifiP of T - <2 . 4-di f luoronhenvl ) -2- f 4- 

15 The title compound was prepared from l-(2,4- 

dif luorophenyl) -2-hydroxy-2- [4- (methylthio ) phenyl ] - 
ethanone from step 2 (12.3 mmol, 3.63 g) using the 
method of Example 10, step 3, affording a yellow solid 
(1.57 g, 44%) . 



step 4 Erjsiarafci fi P nf ^-<2-4-difiuorophenvl)-4-r 4- 
(Tn^thy 1 ^^^mh P TiY 1 1 zZ^ltxi fJ uoromethvl ) -1H- .im i dazol e 

The title compound was prepared from l-(2,4- 
dif luorophenyl) -2- [4- (methylthio) phenyl] ethane- 1, 2- 

2 5 dione from step 3 (5.38 mmol, 1.57 g) by the method of 

Example 10, step 4, affording a viscous oil (938 mg, 
47%) . 

Step 5 P^rario n of 5 - ( 2 ■ f 1 UPrPPtlffflVl ) =Az 1 4 - 

3 0 (n^i-hyi sui foiwi ^nhanvi l -2- (tr.i f 1 uoromffthyl ) -1 H- 

imi riazoie 

The title compound was prepared from 5- (2,4- 
dif luorophenyl) -4- [4- (methylthio) phenyl] -2- 
(trifluoromethyl) -lH-imidazole from step 4 (2.53 mmol, 
35 0.938 g) by the method of Example 12, step 5, 

affording, after recrystallization from ethyl acetate 
and hexane, a solid (487 mg, 48%). The solid was 
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diluted with acetone ( ca . 1 ml) and concentrated in 
vacuo to remove traces of hexane . The structure 
assignment was supported by NMR. Mass Spectrum (EI, 
M/e) : 402. Anal. Calc'd. for C17H11F5O2S : C, 50.75; 
5 H, 2.76; N, 6.96. Found: C, 50.83; H, 2.59; N, 
6.79. 

Example 18 




10 F 

5- (3,4-Dif luorophenyl) -4- [4- (methylsulf onyl) phenyl] -2- 
(trif luoromethyl) -IH-imidazole 

15 Step 1 Preparation of 3 . 4-dif luoro-« 

- r (trimethvlsilvl ) oxvl benzeneacetonitrile 

The title compound was prepared from 3,4- 
dif luorobenzaldehyde (25 mmol, 2.73 ml) by the method 
of Example 10, step 1 (distilled at ca . 1 torr, 80°C) , 

20 affording an oil (6.02 g, 100%). 

Step 2 Preparation of 1- ( 3 , 4-dif luorophenvl ) -2- 

hyflrpxy-2- Ulz (methylthip) phenyl 1 -ethanone 

The title compound was prepared from 3 , 4-dif luoro- 
25 a - [ ( trimethylsilyl ) oxy] benzeneacetonitrile from step 1 
above (25 mmol, 6.02 g) by the method of Example 13, 
step 2, affording a solid (1.83 g, 25%). 

Step 3 Preparation of 1- (3 , 4-dif luorophenvl ) -2- [4- 

3 0 (methvlthio ) phenyl 1 ethane-1, 2 -dione 
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The title compound was prepared from l-(3,4- 
dif luorophenyl) -2 -hydroxy-2 - [4- (methylthio) phenyl ] - 
ethanone from step 2 (6.23 mmol, 1.83 g) using the 
method of Example 10, step 3, affording a yellow solid 
(985 g, 54%) . 

Step 4 Prpnaration nf 5- [ ^ - A -di f luoronhenvl ) -4 - [ 4 - 
fTnPthvltb-ininhPnv i 1 ( t.rif 1 uoromethvl ) -lH-imidazol e 

The title compound was prepared from l-(3,4- 
dif luorophenyl) -2- (4- (methylthio) phenyl ] ethane-1 , 2 - 
dione from step 3 (3.37 mmol, 985 mg) by the method of 
Example 10, step 4, affording a viscous oil (606 mg, 
49%) . 

Step 5 Prpparnti nn nf 5- L3 - A-dif luoroohenvl ) -4- f4- 
(mPthvlgul fnnvn nhPnvll-P-(tri f 1 uoromethvl ) -1H- 
j mi dazole 

The title compound was prepared from 5- (3, 4- 
dif luorophenyl) -4- [4- (methylthio) phenyl ] -2 - 
(trif luoromethyl) -lH-imidazole from step 4 (1.64 mmol, 
0.606 g) by the method of Example 12, step 5, 
affording, after recrystallization from acetone, a 
solid (313 mg, 47%) . The solid was diluted with 
acetone (c^. 1 ml) and concentrated in vacuo to remove 
traces of hexane: m.p. 249-252°C (DSC). The structure 
assignment was supported by NMR. Anal. Calc'd. for 
C17H11F5O2S: C, 50.75; H, 2.76; N, 6.96. Found: C, 
50.58; H, 2.96; N, 6.66. 

Example 19 
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4- [4- (Methylsulfonyl) phenyl] -5 -phenyl -2- 
( trif luoromethyl ) -1H- imidazole 

Step 1 Preparation of n 

- (trimet-.hylsiJvl loxvlbenzenearPtnnifr^ o 

The title compound was prepared from benzaldehyde 
{25 mmol, 2.55 ml) by the method of Example 10, step 1 
(distilled at £a^ 1 torr, 86°C) , affording an oil (4.52 
g, 88%). 

Step 2 Preparation of a -hvdmw-^-[A - 

(methvlthio) Phenyl 1 -1-nhPt ivl-et.hannp p 

The title compound was prepared from 
a - (trimethylsilyl)oxy]benzeneacetonitrile from step 1 

(22 mmol, 4.52 g) by the method of Example 13, step 2, 
affording a solid (3.25 g, 57%). 

ste P 3 Preparation of 2- T4- (mPthvl thiolnhPnvll - i - 
(phenyl ) ethatiP -1 , 2-rii nnp 

The title compound was prepared from 2-hydroxy-2- 
[4- (methylthio) phenyl] -1 -phenyl -ethanone from step 2 
(12.6 mmol, 3.25 g) using the method of Example 10, 
step 3, affording a yellow solid (1.50 g, 46%). 

Ste P 4 Preparation of 4- T4- (methyl t -,hio) nh^nvl 1 - R- 

phenyl-2- (trif luoromethyl ) -lH-imi ri^n] 

The title compound was prepared from 2- [4- 
(methylthio) phenyl] -1- (phenyl ) ethane-1 , 2 -dione from 
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10 



15 



step 3 (5.87 mmol, 1-50 g) by the method of Example 10, 
step 4, affording a viscous oil (918 mg , 47%). 

step 5 EEfiaaraLifl B ^ r*- <n^thvl sulfonvl )pheny ll_ 

c;- r hPnvl-?-^H fi ^o-roTn^r.hvl ) -1 H-iffli dflZPle 

The title compound was prepared from 4- [4- 
(methylthio)phenyl]-5-phenyl-2-(trifluoromethyl)-lH- 

imidazole from step 4 (2.75 mmol, 0.918 g) by the 
method of Example 12, step 5, affording, after 
recrystallization from acetone, a solid (489 mg, 45%) . 
The solid was diluted with acetone (c^ 1 ml) and 
concentrated in vacuo to remove traces of hexane: m.p. 
228-230°C (DSC) . The structure assignment was 
supported by NMR . Mass spectrum (EI, M/e) : 366. Anal 
Calc'd. for C 17 Hi2F 3 02S: C 55.73; H, 3.58; N, 7.65. 
Found: C 55.58; H, 3.66; N, 7.31. 

Examp 1 e 2 0 



20 



25 




30 



5 - ( 4 -Fluorophenyl ) -2 - ( 3 - f uryl ) - 
4- (A-metliylsulfonylphenyl) -1H- imidazole 

in a manner similar to Example 1, Method A, l-(4- 
methylsulfonylphenyl) -2- (4-f luorophenyl ) -ethane-1 , 2- 
dione (Example 1, Method A, step 4) (1 g, 3.3 mmol), 
ammonium acetate (2 g, 25.9 mmol), 3-f uraldehyde (350 
mg, 3.64 mmol) and acetic acid (20 ml) gave 500 mg 
(47%) product after recrystallization from ethanol and 
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water, m.p. 233-235°C (dec). Anal. Calc'd. for 
C20H15N2O3FS (M.W. 382.42): C, 62.82; H, 3.95; N, 7.33; 
S, 8.38. Found: C, 62.50; H, 3.90; N, 7.04; S, 8.25. 
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Examp 1 e 21 




5 4- [5- (4-Pluorophenyl) -2- (trif luorometnyl) -lH-imidazol- 

4 -yl ] benzenesulf onamide 

g^ r i P rm8r^inn of £z < luoronhenvl ) -4 - ( 4- 

mg£iiyj cnl fonvlrbPnvl ) -2-rri f luoromethvl-1- ( 2- 
10 fri^thvl^ TYipt.hox ^^i-hvll -1H- imidazole 

A mixture of hexane-washed sodium hydride (NaH) 
(110 mg of 60%, 2.8 mmol) in dimethyl formamide (DMF) 
(15 ml) was stirred under a nitrogen atmosphere at 25°C 
and a solution of 5- (4-f luorophenyl) -4- (4- 
15 m ethylsulfonylphenyl)-2-trifluoromethyl-lH-imidazole 

(Example 1) (970 mg, 2.5 mmol) in DMF (5 ml) was added 
over 15 minutes. This mixture was stirred an 
additional 30 minutes. Trimethylsilylethoxymethyl 
chloride (450 mg, 3 mmol) was added and the reaction 

20 mixture was stirred for 16 hours at 25°C. The reaction 
mixture was poured into 2% aqueous NH 4 C1 (150 ml) and 
extracted with ethyl acetate. After drying (Na 2 S0 4 ) 
and solvent removal, the protected sulfone imidazole 
(1.1 g, 95%) was essentially pure and was used without 

25 further purification. 

F ,o r 9 p rep *r-*Mon of 4- fR-( 4-f luorophenyl) -2- 
^^finnrn^hv .i - ] - 1 2 z t £ imefhv 1 s i LyJ et hoxymethy 1 ) - 1 H- 
-imi r» a7 .n1 -4-y i l^nzenesnlf onamide 

To a solution of the protected sulfone imidazole 
from step 1 (1.1 g, 2.0 mmol) in THF (15 ml) at 0°C 



30 
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under an argon atmosphere, n-butyl magnesium bromide 
(n-BuMgBr) (2M solution in THF, 4.5 ml) was added and 
the temperature warmed to 25°C over 30 minutes. 
Triethylborane (Et3B) (1M solution in THF, 9 ml) was 
added and the reaction was heated to reflux for 48 
hours. The reaction mixture was cooled to 25°C and a 
mixture of hydroxylamine-O-sulf onic acid (NH2OSO3H) (2 
g) and sodium acetate (2 g) in water (8 ml) was added 
and rapidly stirred at 25°C for 16 hours. Water (50 
ml) was added and the product was extracted with ethyl 
acetate, dried (Na2S04), and evaporated. The residue 
was purified by chromatography on silica gel using 
mixtures of ethyl acetate and toluene as the eluent to 
give 500 mg (45%) of the desired protected sulfonamide. 
The product was used directly in the next step. 

Step 3; Preparation of 4-r5-(4-fin o mnhPn Y iU 9- 
tr i f lUPromethv] -lH-imida2Ql-4-v l 1bfin7PnesulfnnaniiH p 

A solution of protected sulfonamide from step 2 
(500 mg, 1 ramol) in a solution of 3 N HC1 (5 ml) in 
EtOH (4 ml) was heated to reflux for 1 hour, cooled and 
diluted with water (20 ml) . The resulting mixture was 
extracted with methylene chloride, dried (Na2S04) and 
the solvent was evaporated. The residue was 
recrystallized from toluene containing a small amount 
of ethyl acetate to give the title product (150 mg, 
40%): m.p. 259-260°C. Anal. Calc'd. for Ci 6 HiiN302F 4 S : 
C, 49.87; H, 2.88; N, 10.90; S, 8.32. Found: C, 50.30; 
H, 3.10; N, 10.55; S, 8.73. 

The following imidazole derivatives could be 
prepared by the procedure described in Example 21: 

Example 22 4- [5- (4-f luorophenyl) -2-phenoxymethyl- 
lH-imidazol-4-yl ] benzenesulf onamide ; 

Example 23 4- [5- (4-f luorophenyl) -2- (2 -phenyl - 
trans-eth-l-ene) -lH-imidazol-4-yl ] benzenesulf onamide ; 
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Example 24 4- [ 2- (2 -benzof uryl ) -5- ( 4-f luorophenyl ) - 
lH-imidazol-4-yl]benzenesulf onamide; 

Example 25 4- [5- (4-f luorophenyl ) -2 -isopropyl-lH- 
imidazol-4-yl ] benzenesulf onamide; 
5 Example 26 4- [5- (4-f luorophenyl ) -2-methyl-lH- 

imi da z o 1 - 4 -y 1 ] ben z ene s u 1 f onami de ; 

Example 27 4- [5- (4-f luorophenyl) -2- (2-furyl) -1H- 
imidazol -4 -yl ] benzenesulf onamide ; 

Example 28 4- [2-benzylthio-5- (4-f luorophenyl) -1H- 
10 imidazol-4-yl] benzenesulf onamide; 

Example 29 4- [5- (4-f luorophenyl) -2 -hydroxymethyl- 
1H- imidazol -4 -yl] benzenesulf onamide; 

Example 30 4- [5- (3-f luoro-4-methoxyphenyl ) -2- 
( trif luoromethyl) -lH-imidazol-4-yl]benzenesulf onamide; 

15 Example 31 4- [5- (4-chlorophenyl) -2- 

(trifluoromethyl)-lH-imidazol-4-yl] benzenesulf onamide; 

Example 32 4- [5- (2-chlorophenyl) -2- 
( tri f luoromethyl ) -1H- imidazol -4 -yl ] benzenesulf onamide ; 

Example 33 4- [5- (3 , 4-dichlorophenyl ) -2- 
(trif luoromethyl ) -1H- imidazol -4 -yl] benzenesulf onamide; 

Example 34 4- [5- (2-naphthyl) -2- (trif luoromethyl) - 
1H- imidazol -4 -yl] benzenesulf onamide; 

Example 35 4- [5- (4-methoxyphenyl) -2- 
(trif luoromethyl ) - 1H- imidazol -4 -y 1 ] benzenesul f onamide ; 
25 Example 36 4- [5- (4-methylphenyl) -2- 

(trif luoromethyl ) -1H- imidazol -4-yl ] benzenesul f onamide ; 

Example 37 4- [5- (2 , 4-dif luorophenyl) -2- 
(trif luoromethyl) -lH-imidazol-4-yl]benzenesulfonamide; 

Example 3 8 4- [5- (3 , 4-dif luorophenyl) -2- 
( trif luoromethyl) -lH-imidazol-4-yl] benzenesulf onamide; 

Example 39 4- [5-phenyl-2- (trif luoromethyl ) -1H- 
imidazol-4-yl] benzenesulf onamide; and 

Example 40 4- [5- ( 4-f luorophenyl ) -2- (3-f uryl ) -1H- 
imidazol-4-yl ] benzenesulf onamide . 



20 



30 



35 
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5 4- (3,4-Dimethoxyphenyl) -5- [4- 

(methylsulfonyl) phenyl] -2- ( trif luoromethyl ) -1H- 

imidazole 

Step 1; Preparation of 4-methvlthiofrensflldehvfle- 

1 0 t rimethylsilylcyanohydrin 

4 -Methyl thiobenzaldehyde (38.5 g, 0.25 mol) was 
added dropwise over 3 0 minutes to a stirred mixture of 
trimethylsilylcyanide (25 g, 0.25 mol) and zinc iodide 
(150 mg) at 25°C under a nitrogen atmosphere. After 

15 stirring overnight, the reaction mixture was distilled 
to give 25 g (51%) of desired liquid: bp 120-125°C (0.1 
mm Hg) . Anal. Calc'd. for Ci2Hi7NOSiS (MW 251.43) : C, 
57.33; H, 6.82; N, 5.57; S, 12.75. Found: C, 57.11; H, 
6.71; N, 5.49; S, 12.99. 

20 

Step 2: Preparation of 4-methvlthiophenvl-3 ' . 4 ' ^ 

dimethQ?cy phenyl benzoin 

To a cold (-70°C) stirred solution of lithium 
bis ( trimethylsilyl ) amide (23 ml of a 1M solution in 
25 tetrahydrof uran, 23 mmol) was added a solution of 4- 

methyl thiobenzaldehyde -trimethyl si lylcyanohydrin (Step 
1) (5 g, 2 0 mmol) in tetrahydrof uran (25 ml) dropwise 
over 15 minutes. After stirring for an additional 5 
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minutes, a solution of 3 , 4-dimethoxybenzaldehyde (3.3 
g, 2 0 mmol) in tetrahydrof uran (20 ml) was added 
dropwise over 5 minutes. The reaction was stirred for 
3 0 minutes at -7 0°C and then warmed to room 
5 temperature. After stirring for 3 hours, the reaction 
was quenched by adding 3N sulfuric acid (50 ml) and 
warming at 40°C for 3 hours. After cooling, the 
reaction mixture was partitioned between ethyl ether 
and water and the layers separated. The organic layer 

10 was stirred with IN sodium hydroxide (100 ml) for 1 

hour and the layers were separated. The organic layer 
was washed with brine and dried over sodium sulfate. 
The drying agent was filtered and the filtrate 
concentrated in vacuo to give the crude product as an 

15 oil. Chromatography of the oil on silica gel using 30% 
ethyl acetate/hexane gave 2.3 g (35%) of the desired 
benzoin as an oil that crystallized on standing: mp 88- 
91°C. Anal. Calc'd. for C17H18O4S (MW 318.40): C, 
64.13; H, 5.70; S, 10.07. Found: C, 63.92; H, 5.51; S, 

20 10.31. 



.qt-^n 3: Prpnarat inn of 4 -mgthvlthi onhenvl -3 ' . 4 •- 
^jm^bnwnhpnvl benzil 

A mixture of the benzoin from Step 2 (2.2g, 6.9 
25 mmol) and bismuth oxide (4 g, 8.6 mmol) in acetic acid 
(25 ml) was heated at 90°C for 45 minutes. The hot 
reaction mixture was filtered and the filtrate 
concentrated in vacuo to give 2.0 g (90%) of a solid 
suitable for use without further purification: mp 109- 
30 110°C. Anal. Calc'd. for C17HI6O4S (MW 316.40): C, 

64.54; H, 5.10; S, 10.13. Found: C, 64.59; H, 5.02; S, 
10 .29 . 

fr^p Pren a r^inn of 4-methvlsulf onvlPhehV 1 ~3 ' , 4 ' - 
3 5 rtimfiMioxvnhPnvl benzil 

A solution of Oxone® (9.8 g, 16 mmol) in water 
(50 ml) was added dropwise over 15 minutes to a 
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solution of the benzil from Step 3 (2.0 g, 63 mmol ) in 
a methanol : tetrahydrof uran solution (2:1, 100 ml). The 
reaction mixture was warmed to 40°C for 2 hours, cooled 
and poured into water (500ml) . The solid precipitate 
was filtered and air dried to give 2.0 g (95%) of 
desired product as a solid: mp 181-183°C. Anal. 
Calc'd. for C17HI6O6S (MW 348.38): C, 58.61; H, 4.63; 
S, 9.20. Found: C, 58.55; H, 4.49; S, 9.29. 

Step 5: Preparation of 4- ( 3 . 4-ri-irnPt hoxvnhem/l ) -R- \A - 
(methvlsulfonvl ) Phenyl 1 -2- (trifln oromethvl ) -1 H- 
imidazole 

A mixture of 4-methylsulf onylphenyl-3 • , 4 ' - 
dimethoxyphenyl benzil (Step 4) (2 g, 5.7 mmol), 
ammonium acetate (2.65 g, 34 mmol) and 
trif luoroacetaldehyde ethyl hemiacetal (1.90 g) in 
acetic acid was heated at reflux with stirring 
overnight under a nitrogen atmosphere. The reaction 
was cooled, poured into water and the resulting 
precipitate filtered and air dried. The crude product 
was purified by chromatography on silica gel using 2% 
methanol in methylene chloride as the eluent to give 
1.1 g (51%) of the title product: mp 221-224°C. Anal. 
Calc'd. for C19H17N2F3O4S (MW 426.41): C, 53.52; H, 
4.02; N, 6.57; S, 7.52. Found: C, 53.35; H, 4.07; N, 
6.51; S, 7.85. 
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Examp 1 e 42 




4 - ( 4 -Metnoxy- 3 -methy lpheny 1 ) -5- [4- 
(methylsulf onyDphenyl] -2- (trif luoromethyl) -1H- 

imidazole 



10 p n(at ' hoxv 'P h ' :>nvl benzoin 

The benzoin was synthesized according to the 
procedure of Example 41, step 2 using the product of 
Example 41, Step 1 (5 g, 20 mmol), 3-methyl-4- 
methoxybenzaldehyde (3 g, 20 mmol) and 1M lithium 

15 bis (trimethylsilyl) amide in tetrahydrof uran (23 ml, 23 
mmol) . The crude product was purified by 
chromatography on silica gel using 30% ethyl acetate in 
hexane to give 4.1 g (68%) of the compound as a 
crystalline solid: mp 101-103°C. Anal. Calc'd. for 

20 C17HI8O3S (MW 302.40): C, 67.52; H, 6.00; S, 10.60. 
Found: C, 67.33; H, 5.89; S, 10.75. 

c rop 9. PrPtiaptinn of 4 - methy l thi np hffHYl zl ' -methyl ~4 ' - 
^t-hnvynhenvl benzil 
25 The benzil was synthesized according to the 

procedure of Example 41, Step 3 using the benzoin of 
Step 1 (4.1 <3, 13.5 mmol) and bismuth oxide (7.9 g, 
16.9 mmol) in acetic acid. There was obtained 4 g 
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(95%) of the desired compound as a crystalline solid: 
mp 134-136°C. Anal. Calc'd. for C17H16O3S (MW 300.39): 
C, 67.98; H, 5.37; S, 10.67. Found: C, 68.00; H, 5.20; 
S, 10.79. 

Step 3; Preparation of 2-trif luo romethvl-4- M - 
methvlthiophenvl) -5- f 3 -methvl - 4 - methoxvnhenvl ) -1 H- 
imidazole 

The imidazole was synthesized according to the 
procedure of Example 41, Step 5 using the product of 
Step 2 (1.6 g, 5.3 mmol ) , ammonium acetate (2.8 g, 37 
mmol) and trif luoroacetaldehyde ethyl hemiacetal (1.9 
g, 10.6 mmol) in acetic acid (30 ml). The crude 
product was purified by chromatography on silica gel 
using 3% methanol in toluene as the eluent give 1 g 
(55%) of the desired product as a crystalline solid: mp 
188-190°C. Anal. Calc'd. for C19H17N2F3OS (MW 378.42): 
C, 60.31; H, 4.53; N, 7.40; S, 8.47. Found: C, 60.11; 
H, 4.39; N, 7.21; S, 8.63. 

Step 4: Preparation of 4- ( 4-mgi-h o xv-3 -methvlnhsnvl ^ - S- 
f4- (methvlsulfonvl)Dhenvn -2 - ffr if luommftthvl) -1 H- 

imida7.ni e 

The title compound was synthesized according to 
the procedure of Example 41, Step 4 using the product 
of Step 3 (1 g, 2.6 mmol) and Oxone® (4 g, 6.6 mmol) in 
methanol (20 ml), tetrahydrof uran (10 ml) and water (5 
ml) . The crude product was purified by chromatography 
on silica gel using 50% ethyl acetate in toluene as the 
eluent to give 610 mg (75%) of the desired product as a 
crystalline solid: mp 265-267°C. Anal. Calc'd. for 
C19H17N2F3O3S (MW 410.41): C, 55.60; H, 4.18; N, 6.83; 
S, 7.81. Found: C, 55.69; H, 4.28; N, 6.70; S, 8.07. 
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Examp 1 e 43 




4 - ( 4 -Methoxy- 3 -methylphenyl ) -5- [4- 
(methylsulf onyDphenyl] -2- (trif luoromethyl > -1H- 

imidazole 



pt-gp 1: p r pparati nn of 4 -m^l-hvl sulf onvl nhenvl~3 ' " 
10 mPthvl -4 ' -mpfhnyvnhpnvl benzil 

The sulfone was synthesized according to the 
procedure of Example 41, Step 4 using the benzil of 
Example 42, Step 2 (530 mg, 1.7 mmol) and Oxone® (2.4 
g, 4 mmol) in methanol (15 ml), tetrahydrof uran (10 ml) 
15 and water (5 ml). There was isolated 545 mg (96%) of 
the desired sulfone as a crystalline solid: mp 149- 
151°C. Anal. Calc'd. for C17H16O5S (MW 332.39): C, 
61.43; H, 4.85; S, 9.65. Found: C, 61.40; H, 4.80; S, 
9.70 . 

20 

^ or 2- PrRngr aHn " n f A ~ f4-mfithoxv-3-mpfhv1 Pheny l ) - 5_ 
Lj-^oe^yj snif ^ rr 1 LphsnyJ 1 -?.-(trif1noroTnffthY3.) -1 H- 

\m\ dazole 

The imidazole was synthesized according to the 
25 procedure of Example 41, Step 5 using the benzil of 

Step 1 (540 mg, 1.6 mmol), ammonium acetate (620 mg, 8 
mmol) and trif luoroacetaldehyde ethyl hemiacetal (500 
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mg, 3.2 mmol ) in acetic acid (10 ml) . There was 
obtained 53 0 mg (80%) of the desired product. 

Example 44 




5- ( 4 -Fluorophenyl ) -1 -methyl -4- [4- 
(methylsulf onyl) phenyl] -2- (trif luoromethyl ) -1H- 

imidazole 

Example 45 




4 - ( 4 -Fluorophenyl ) - 1 -methyl -5- [4- 
(methylsulf onyl) phenyl] -2- (trif luoromethyl) -1H- 

imidazole 
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To a stirred suspension of hexane-washed sodium 
hydride (26 mg, 1.1 mmol) in dimethyl formamide (10 ml) 
under a nitrogen atmosphere at room temperature was 
added a solution of 2-trif luoromethyl-5- (4- 
fluorophenyl) -4- (4-methylsulf onylphenyl) -lH-imidazole 
(Example 1) (388 mg, 1 mmol) in dimethyl formamide (10 
ml) . After stirring for 10 minutes, methyl iodide (142 
mg, 1 mmol) was added and the reaction mixture was 
stirred for 16 hours. The mixture was poured into 
water and the solid precipitate was filtered and air 
dried. The crude product was purified by 
chromatography on silica gel using 2 0% ethyl acetate in 
toluene as the eluent to give two products: l-methyl-2- 
trif luoromethyl-4- (4-methylsulf onylphenyl) -5- (4- 
fluorophenyl) -imidazole (210 mg, 35%), mp 187-189°C; 
and l-methyl-2-trif luoromethyl-4- (4-f luorophenyl ) -5- ( 4- 
methylsulf onylphenyl) -imidazole (60 mg, 13%), mp 193- 
195°C. Anal. Calc'd. for C18H14N2O2F4S (MW 398.38): 
C, 54.27; H, 3.54; N, 7.03; S, 8.05. Found for Example 
44: C, 54.11; H, 3.61; N, 6.99; S, 8.00. Found for 
Example 45: C, 54.21; H, 3.60; N, 6.89; S, 8.10. 

Example 46 




5- (3 , 5-Dimethylpnenyl) -4- [4- (methyloulf onyl) phenyl] -2- 
(trif luoromethyl) -lH-imidazole 
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Step 1j Preparation of 3 , S-dimethv lbenzaldehvd P 

To a cold (-70°C), stirred solution of oxalyl 
chloride (5.12 g, 40 mmol ) and dimethylsulf oxide (6.3 
5 g, 8 0 mmol) in methylene chloride (50 ml) was added a 
solution of 3 , 5-dimethylbenzyl alcohol (5 g, 36.7 mmol) 
in methylene chloride (15 ml) over 10 minutes. After 
stirring for an additional 30 minutes in the cold, 
triethylamine (8.3 g, 82 mmol) was added and the 

10 mixture was warmed to room temperature over 1 hour. 
The reaction mixture was poured into water and 
extracted with ethyl ether. The combined organic 
layers were dried over sodium sulfate, filtered and 
concentrated to give 4.5 g (88%) of aldehyde suitable 

15 for use in the next step without further purification. 

Step 2; Preparation of 4-methvl t.hi ophenvl-3 ; .5 1 - 
dimethvlohenvl benzoin 

The benzoin was synthesized according to the 
2 0 procedure of Example 41, Step 2 using the product of 
Example 41, Step 1 (5 g, 20 mmol), 3, 

dimethylbenzaldehyde from Step 1 (2.7 g, 20 mmol) and 
1M lithium bis ( trimethylsilyl ) amide in tetrahydrof uran 
(23 ml, 2 3 mmol) . The crude product was purified by 
2 5 chromatography on silica gel using 2 0% ethyl acetate in 
hexane as the eluent to give 2.9 g (50%) of the 
compound as a crystalline solid: mp 81-83°C. Anal. 
Calc'd. for C17H18O2S (MW 286.40): C, 71.30; H, 6.34; 
S, 11.20. Found: C, 71.15; H, 6.21; S, 11.40. 

30 

Step 3; Preparation of 4-methv lthiQPhenvl-3 ' , 5 ' - 
dimethvlp henvl benzil 

The benzil compound was synthesized according to 
the procedure of Example 41, Step 3 using the product 
35 of Step 2 (2.88 g, 10 mmol) and bismuth oxide (6 g, 

12.5 mmol) in acetic acid (30 ml). There was obtained 
2.4 g (85%) of the desired benzil as a crystalline 
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solid: mp 100-102°C. Anal. Calc'd. for C17H16O2S (MW 
300.39): C, 71.80; H, 5.67; S, 11.28. Found: C, 
72.00; H, 5.49; S, 11.35. 

5 ^Pn 4: Pr^naration of 4-mftthvlsulf onvlPhenvl-3 ' . 5 
rj^Pthvlnhenvl benzil 

The sulfone was synthesized according to the 
procedure of Example 41, Step 4 using the product of 
Step 3 (2.4 g, 8.4 mmol) and Oxone® (13.5 g, 2 0 mmol) 
10 in methanol (100 ml), tetrahydrof uran (50 ml) and water 
(50 ml). There was isolated 2.2 g (83%) of the desired 
sulfone as a crystalline solid: mp 141-142°C. Anal. 
Calc'd. for C17H16O4S (MW 316.40): C, 64.54; H, 5.10; 
S, 10.13. Found: C, 64.61; H, 5.03; S, 10.21. 

15 

St-f»n 5r Prftparation o f 5- [ 3 . 5-ri i methvlphenvl 1 -4- f4- 
'TnPfhvl sulfonvl Inhsnvl 1 -2 - ( tri f luoromethvl ) -1H- 
imi riazole 

The imidazole was synthesized according to the 
2 0 procedure of Example 41, Step 5 using the product of 

Step 4 (2.2 g, 6.9 mmol), ammonium acetate (2.75 g, 35 
mmol) and trif luoroacetaldehyde ethyl hemiacetal (2.1 
g, 14 mmol) in acetic acid (40 ml) . There was obtained 
l.lg (36%) of 5- (3 , 5-dimethylphenyl) -4- [4- 
25 (methylsulfonyl) phenyl] -2- ( trif luoromethyl ) -1H- 

imidazole after recrystallization from ethanol : mp 255- 
257°C. Anal. Calc'd. for C19H17N2O2F3S (MW 394.42): 
C, 57.86; H, 4.34; N, 7.10; S, 8.13. Found: C, 57.46; 
H, 4.18; N, 7.00; S, 8.42. 

30 

Example 47 
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5- (5-Bromothien-2-yl) -4- [4- (methyl su If onyl ) phenyl] -2- 
( trif luoromethyl ) -lH-imidazole 

5 

Step Li Preparation of 4-met.T-nH tLi ^ hsnvi - ( 5 = h EfflnQr 2- 

thionhPnp) bpri7:nin 

The benzoin was synthesized according to the 
procedure of Example 41, Step 2 using the cyanohydrin 

10 of Example Step 1 (5 g, 20 mmol ) , 5-bromothiophene-2 - 
carboxaldehyde (3.82 g, 20 mmol) and 1M lithium 
bis (trimethylsilyl) amide in tetrahydrofuran (23 ml, 23 
mmol) . The crude benzoin was purified by 
chromatography on silica gel using 20% ethyl acetate in 

15 hexane as the eluent to give 97 0 mg (14%) of the 

desired compound as a crystalline solid: mp 115-117°c. 
Anal. Calc'd. for Ci3HnBr02S2 (MW 343.26): C, 45.49; 
H, 3.23; S, 18.68; Br, 23.28. Found: C, 45.21; H, 3.09; 
S, 18.82; Br, 23.00. 

20 

Slep 2; Preparation of 4- mP thvUhionh P nvi - ( s _ brnmo _ 7 _ 
thionhPnPl b^n^-j-j 

The benzil was synthesized according to the 
procedure of Example 41, Step 3 using the product of 
25 Step 1 (950 mg, 2.7 mmol) and bismuth oxide (1.5 g, 3.2 
mmol) in acetic acid (15 ml). There was obtained 680 
mg (74%) of the desired benzil after recrystallizat ion 
from methanol: mp 181-183°C. Anal. Calc'd. for 
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Ci3H 9 Br02S2 (MW 341.25): C 45.76; H. 2.66; S, 18.79; 
Br, 23.42. Found: C, 45.46; H , 2.49; S, 18.99; Br, 
23 .11. 

QBhsnfiUasnziJ- 

The sulfone was synthesized according to the 
procedure of Example 41, Step 4 using the product of 
Step 2 (675 mg, 2 mmol) and Oxone® (3g, 5 mmol) in 

10 methanol (25 ml), tetrahydrofuran (15 ml) and water (15 
ml) There was isolated 553 mg (75%) of the desired 
sulfone as a crystalline solid: mp 198-200°C. Anal. 
Calc'd. for Cl3H 9 Br0 4 S 2 (MW 373.25) : C 41.83; H, 
2.43; S, 17.18; Br, 21.41. Found: C, 41.68; H, 2.32; 

15 S, 17.40; Br, 21.20. 

p 4. Prpnar^^n nf 5 - f 5 -hromoth.j SH - 2 -V 1 1 "4 Z \ 4 - 

Lmej^yj guj fnnvi ) r y^r^i i -2- ( fri f 1 uoromethyl ) -1 H- 

-jrgjHazole 

2 0 The title compound was synthesized according to 

the procedure of Example 41, Step 5 using the product 
of Step 3 (550 mg, 1.5 mmol), ammonium acetate (570 mg, 
7 mmol) and trif luoroacetaldehyde ethyl hemiacetal (500 
mg, 3 mmol) in acetic acid (12 ml). The crude product 
25 was purified by chromatography on silica gel using 20% 
ethyl acetate in toluene as the eluent and 
recrystallization from ethyl acetate and hexane to give 
190 mg (48%) of the desired product as a crystalline 
solid: mp 261-262°C. Anal. Calc'd. for 
30 Cl5Hl 0 F3BrN 2 O2S2 (MW 451.29): C, 39.92; H, 2.23; N, 

6.21; S, 14.21. Found: C, 40.29; H, 2.25; N, 5.88; S, 
14.35. 

Example 48 

35 
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N,N-Dimethyl-4- [4- [4- (methylsulf onyl) phenyl] -2- 
( trif luoromethyl) -lH-imidazol-5-yl] benzenamine 

Step 1; Preparation of 4-mPfhvl H-H onh^nvl -A > - 
dimethvlaminnnhftnvl b^n^o-in 

The benzoin was synthesized according to the 
procedure of Example 41, Step 2 using the product of 
Example 41, Step 1 (5 g, 20 mmol), 4- 

dimethylaminobenzaldehyde (3 g, 2 0 mmol) and 1M lithium 
bis (trimethylsilyl ) amide in tetrahydrof uran (23 ml, 23 
mmol) . The crude product was triturated with 10% ethyl 
acetate in hexane and filtered to give 1.4 g (21%) of 
the benzoin as a crystalline solid: mp 92-94°C. Anal. 
Calc'd. for C17H19NO2S (MW 301.41): C, 67.74; H, 6.35; 
N, 4.65; S, 10.64. Found: C, 67.59; H, 6.29; N, 4.38; 
S, 10.75. 

Step 2; Preparation of 4-mgfh^t-h-i n D h CT vl -A - - 
dimethvlaminnnhPnvl b^n^i 1 

The benzil was synthesized according to the 
procedure of Example 41, Step 3 using the product of 
Step 1 (1.4 g, 4.6 mmol) and bismuth oxide (2.25 g, 4.9 
mmol) in acetic acid (25 ml). The crude product was 
purified by chromatography on silica gel using 5% ethyl 
acetate in toluene as the eluent to give 940 mg (68%) 
of the desired benzil as a crystalline solid: mp 109- 
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111°C. Anal. Calc'd. for C17H17NO2S (MW 299.40): C, 
68.20; H, 5.72; N, 4.68; S, 10.71. Found: C. 68.10; H, 
5.70; N, 4.51; S, 10.69. 

-1iTn Q, 'tiYlf TnHnnnh<3T1v ' 1 ^enziJ- 

The sulfone was synthesized according to the 

procedure of Example 41, Step 4 using the product of 

Step 2 (930 mg, 3.1 mmol) and Oxone® (4.3 g, 7 mmol) in 
10 methanol (40 ml), tetrahydrof uran (15 ml) and water (15 

ml) There was isolated 340 mg (33%) of the desired 

sulfone as a crystalline solid: mp 126-129°C. Anal. 

Calc'd. for C17H17N04S (MW 331.40): C, 61.62; H, 5.17; 

N, 4.23; S, 9.68. Found: C, 61.40; H, 5.07; N, 4.12; S, 
15 9.89. 

Stfl r 1- EEfisarafcian of n.n- dimethyl -4- [4- f 4- 

imidazaJ -s-viihPTizenamine 
2 0 The title compound was synthesized according to 

the procedure of Example 41, Step 5 using the product 
of Step 3 (331 mg, 1 mmol), ammonium acetate (500 mg, 6 
mmol) and trif luoroacetaldehyde ethyl hemiacetal (320 
mg, 2 mmol) in acetic acid (6 ml). The crude product 
25 was purified by chromatography on silica gel using 20% 
ethyl acetate in toluene as the eluent and 
recrystallization from ethyl acetate and hexane to give 
65 mg (16%) of the desired product as a crystalline 
solid: mp 248-251°C. Anal. Calc'd. for C19HI8N3O2F3S 
30 (MW 409.43): C, 55.74; H, 4.43; N, 10.26; S, 7.83. 
Found: C, 55.28; H, 4.33; N, 9.95; S, 7.49. 

Example 49 
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4- (4-Fluorophenyl) -5- [4- (methylsulf onyl) 
phenyl] -lH-imidazole-2 -thiol 

5 

Step 1: Preparation of 4 -methvl f.hiophenvl -A 
fluorophenvl bfinznin 

The benzoin was synthesized according to the 
procedure of Example 41, Step 2 using 4- 

10 f luorobenzaldehyde trimethylsilylcyanohydrin (5 g, 21 
mmol), 4 -methyl thiobenzaldehyde (3.62 g, 21 mmol) and 
1M lithium bis ( trimethylsilyl ) amide in tetrahydrof uran 
(24 ml, 24 mmol) . The crude product was purified by 
chromatography on silica gel using 20% ethyl acetate in 

15 hexane to give 3,8 g (67%) of the title compound as a 
crystalline solid: mp 95-97°C. Anal. Calc'd. for 
C15H13O2FS (MW 276.33): C, 65.20; H, 4.74; S, 11.60. 
Found: C, 65.09; H, 4.59; S, 11.65. 

2 0 Step 2; Preparation of 4-methvl s ulf onvlnhpnyl -A » - 
fluoroohenvl benzoin 

The sulfone was synthesized according to the 
procedure of Example 41, Step 4 using the product of 
Step 1 (1.8 g, 6.5 mmol) and Oxone® (10 g, 15 mmol) in 
25 methanol (125 ml), tetrahydrof uran (50 ml) and water 
(50 ml) . Because of its water solubility, methylene 
chloride was used to extract the product from the 
aqueous reaction mixture. There was isolated 2.25 g 
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(98%) of the desired benzoin as a crystalline solid: mp 
106-107°C. Anal. Calc'd. for C15H13FO4S (MW 308.33): 
C, 58.43; H, 4.25; S, 10.40. Found: C, 58.22; H, 4.12; 
S, 10.70. 

5 

g ro p ^- PrPnsra t ^n of 4 - ( 4 - f 1 uorophenvl ) - 5 - r 4 - 

ImeUivJ pni f nnvi>nhf»nv1 1 -lH-i mi d?a2P l f?-2 -thio l 

A solution of the sulfone from Step 2 (2.25g, 7.3 
mmol) and thiourea (1.05 g, 14.6 mmol) in 

10 dimethyl formamide (30 ml) was heated at reflux under a 
nitrogen atmosphere for 3.5 hours. The reaction was 
cooled, poured into water (150 ml) and the precipitate 
filtered and air dried. Recrystallization from ethyl 
acetate and hexane gave 1.4 g (55%) of the desired 

15 product as a crystalline solid: mp 158-161°C. Anal. 

Calc'd. for C16H13N2O2FS2 (MW 348.42): C, 55.16; H, 
3.76; N, 8.04; S, 18.41. Found: C, 54.95; H, 3.77; N, 
7.70; S, 17.98. 

20 Example 50 




0.5 H20 



2- [ [ [4- (4-Fluorophenyl) -5- [4- (methylsulf onyl) phenyl] - 
1H - imida zol-2-yl] thi o ] methyl ] qu ino 1 ine 

A solution of 4- (4-f luorophenyl) -5- [4- 
(methylsulfonyl ) phenyl ] -lH-imidazole-2 -thiol (Example 
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49) (100 mg, 0.29 mmol), 2 -chloromethylquinoline 
hydrochloride (62 mg, 0.29 mmol) and triethylamine (60 
mg, 0.58 mmol) in 2-propanol ( 5 ml ) was heated at 
reflux under an argon atmosphere for 4 hours . The 

5 reaction was cooled, poured into water (25 ml) and 

extracted with ethyl acetate. After drying over sodium 
sulfate, the solvent was removed and the residue was 
purified by chromatography on silica gel using 50% 
ethyl acetate in toluene as the eluent to give 136 mg 

0 (85%) of the desired product. Although initially an 
oil, this material crystallized on standing: mp 179- 
182°C. Anal. Calc'd. for C2 6H20N3O2FS2 • 5H20 (MW 
498.60): C, 62.63; H, 4.25; N, 8.43; S, 12.86. Found: 
C, 62.98; H, 4.43; N, 8.03; S, 12.60. 
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Example 51 



25 




5 4- (4-Fluorophenyl) -5- [4- (methylsulf onyl) phenyl] -2- 

[ (phenylmethyl ) sulf onyl] -1H- imidazole 

| gro p 1. Prpnar^Hnr of 2 -f bj nhftnTvl -4 - ( 4 - f lnorOPhenvl ) - 
5- (A-m^hvlaul fonvlnhenvl ) -1 H- imidazole 
10 A solution of 4- ( 4-f luorophenyl ) -5- [4- 

(methylsulfonyl) phenyl] -lH-imidazole-2-thiol (Example 
49) (300 mg, 0.86 mmol) and benzyl bromide (150 mg, 
0.87 mmol) in 2-propanol was heated at reflux for 3 
hours. After cooling and removal of the solvent, the 
15 residue was stirred with 5% aqueous potassium carbonate 
(10 ml) and methylene chloride (15 ml) . The organic 
layer was separated and dried over sodium sulfate. The 
drying agent was filtered, the filtrate concentrated in 
vacuo and the residue was purified by chromatography on 
20 silica gel using 25% ethyl acetate in toluene as the 
eluent to give 17 0 mg (40%) of the desired thiobenzyl 
compound as a glass: Anal. Calc'd. for C 2 3Hl9N20 2 FS 2 
(MW 438.55): C, 62.99; H, 4.37; N, 6.39; S, 14.62. 
Found : C, 62.52; H, 4.19; N, 6.08; S, 14.41. 



gt-^ 7- EEfiBara^iSP ^ 4- (4-f Inorophenvl ) -5- f4- 

fTr^hv-isui f^ri LBhspyJJ -?■ -r (phenyl ms&fryjj aid fonvlW H- 

jmi dazole 
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The title compound was synthesized according to 
the procedure of Example 41, Step 4 using the 
thiobenzyl compound of Step 1 (160 mg, 0.3 6 mmol ) and 
Oxone® (350 mg, 0.43 mmol) in methanol (5 ml), 
5 tetrahydrofuran (3 ml) and water (3 ml) . There was 
isolated 545 mg (96%) of the desired product as a 
crystalline solid: mp 211-213°C, after 

recrystallization from ethyl acetate and hexane . Anal. 
Calc'd. for C23H19N2O4FS2 (MW 470.54): C, 58.71; H, 
10 4.07; N, 5.95; S, 13.63. Found: C, 58.43; H, 3.79; N, 
5.66; S, 13.69. 

Example 52 




5 - ( 3 , 5 -Dimethyl -4 -methoxyphenyl ) -4- [4- 
(methylsulf onyl) phenyl] -2- ( trif luoromethyl ) -1H- 

imidazole 

20 

Step 1: Preparation of met hvl-4-mgthoxv-^ , 5- 
dimethvlbenznatP 

A solution of 4-methoxy-3 , 5-dimethyl benzoic acid 
(10 g, 45 mmol) and sulfuric acid (5 g) in methanol 
25 (200 ml) was stirred at 25°C for 3 days. The mixture 
was poured into dilute aqueous sodium bicarbonate 
solution and extracted with ethyl acetate. The 
combined organic layers were dried over sodium sulfate 
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and concentrated to give 9 g (94%) of the desired 
compound which was used without further purification. 

jat-op 9- PrPnar ^ inr of 4-methoxv-3 ■ 5-qimethY l benZY l 
5 &] rnhol 

A mixture of ester from Step 1 (9 g, 49 mmol) and 
1M lithium aluminum hydride solution in tetrahydrof uran 
(50 ml) in tetrahydrof uran (150 ml) was heated at 
reflux for 1 hour under an argon atmosphere. After 

10 cooling, the reaction was quenched by adding water (2 
ml), 15% aqueous sodium hydroxide solution (2 ml) and 
more water (6 ml). The precipitated aluminum salts 
were filtered and the filtrate was evaporated to give 
7.5 g (95%) of the desired compound suitable for use in 

15 the next reaction without further purification. 

Sl-pn 3_; Prpnararirin of 4-methoxv-3 . 5- 
^ r nPt-hvlben 7a1riehvde 

The aldehyde was synthesized according to the 
20 procedure of Example 46, Step 1 using the alcohol from 
Step 2 (7.5 g, 45 mmol), oxalyl chloride (6.35 g, 50 
mmol), dimethylsulf oxide (8.8 g, 100 mmol) and 
triethylamine (10.2 g, 110 mmol) and in methylene 
chloride (100 ml) . There was obtained 7 g (92%) of the 
25 desired aldehyde which was used in the next step 
without further purification. 

pt-^p 4r Preoption o f 4 -mpfhvl thioohenvl -4 ! -methox y- 
-dimethyl nhpnvl benzoin 
3 0 The benzoin was synthesized according to the 

procedure of Example 41, Step 2 using the aldehyde of 
Step 3 (3.3 g, 20 mmol), the cyanohydrin of Example 41, 
Step 1 (5 g, 2 0 mmol) and 1M lithium 

bis (trimethylsilyl) amide in tetrahydrof uran (23 ml, 23 
3 5 mmol) . The crude compound was purified by 

chromatography on silica gel using 25% ethyl acetate in 
hexane to give 2.7 g (40%) of the benzoin as a 
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crystalline solid: mp 121-125°C. Anal. Calc'd. for 
C18H20O3S (MW 316.42): C, 68.33; H, 6.37; S, 10.13. 
Found: C, 68.00; H, 6,20; S, 10.00. 

5 Step 5: Preparation of 4-methvlthiophenvl -4 1 -methoxv- 
3 ; , 5 ! -dimethvlohenvl benzil 

The benzil was synthesized according to the 
procedure of Example 41, Step 3 using the benzoin of 
Step 4 (1.6 g, 5 inmol) and bismuth oxide (2.9 g, 6 
10 mmol) in acetic acid (16 ml). There was obtained 1.5 g 
(95%) of the desired benzil as a crystalline solid: mp 
132-134°C. Anal. Calc'd. for C18H18O3S (MW 314.40): 
C, 68.76; H, 5.77; S, 10.20. Found: C, 68.70; H, 5.81; 
S, 10.25. 

15 

Step 6; Preparation of 4-methylsulf pnylphenyl-4 1 - 
methow-3 ',5' -dimethylphenyl benzil 

The sulfone was synthesized according to the 
procedure of Example 41 , Step 4 using the compound of 

20 Step 5 (1.5 g, 4.8 mmol) and Oxone® (7.3 g, 10.5 mmol) 
in methanol (50 ml) , tetrahydrof uran (25 ml) and water 
(25 ml). There was isolated 1.1 g (70%) of the desired 
sulfone as a crystalline solid: mp 158-160°C. Anal. 
Calc'd. for CI8H18O5S (MW 346.40): C, 62.41; H, 5.24; 

25 S, 9.26. Found: C, 62.30; H, 5.30; S, 9.35. 

Step 7: Preparation of 5- (3 . 5 -dimethvl-4 - 
methoxvphenvl) -4- T4- (methvlsulf onvl ) nhenvll -2- 

(trifluQrgmethyl) -lH-imidasple 

3 0 The title compound was synthesized according to 

the procedure of Example 41, Step 5 using the sulfone 
of Step 6 (1.1 g, 3.2 mmol), ammonium acetate (1.5 g, 
16 mmol) and trif luoroacetaldehyde ethyl hemiacetal 
(1.2 g, 6.4 mmol) in acetic acid (16 ml). The crude 

35 product was purified by chromatography on silica gel 
using 20% ethyl acetate in toluene as the eluent give 
563 mg (44%) of the desired product as a crystalline 
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solid: mp 265-267°C, after recrystallizat ion from 
ethanol. Anal. Calc'd. for C20H19N2O3F3S (MW 424.44): 
C, 56.60; H, 4.51; N, 6.60; S, 7.55. Found: C, 56.75; 
H, 4.69; N, 6.31; S, 7.50. 

Example 53 




10 5- [3-Fluoro-4- (methylthio ) phenyl] -4- [4- 

(methylsulf onyl) phenyl] -2- (trif luoromethyl ) -1H- 

Imidazole 

fjfpp 1 ; Prp parat ion nf 4 -methvl thio-3 - 
15 fin nrnhen v. * 1 righvde 

A solution of 3,4-difluorobenzaldehyde (2.8 g, 2 0 
ntmol) and sodium thiomethoxide (1.5 g, 2 0 mmol) in 
dimethyl formamide (20 ml) was heated at 80°C under an 
argon atmosphere for 2 hours. The reaction was cooled, 
2 0 poured into water (12 5 ml) and extracted with methylene 
chloride. The combined organic layers were dried over 
sodium sulfate and evaporated. The residue was 
distilled (bp 110-111°C, 0 . 5 mm Hg) to give 2.5 g (75%) 
of the desired aldehyde: Anal. Calc'd. for C8H7FSO (MW 
25 170.21): C. 56.45; H, 4.15; S, 18.84. Found: C, 56.40; 
H, 4.00; S, 18.90. 
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Step 2; Preparation of 4-fluomnhPn vi^v-finnm^ • - 
methvlthiophenvl benzoin 

The title compound was synthesized according to 
the procedure of Example 41, Step 2 using the aldehyde 
of Step 1 (2.5 g, 14 mmol) , 4-f luorobenzaldehyde 
trimethylsilylcyanohydrin (3.3 g, 14 mmol) and 1M 
lithium bis (trimethylsilyl ) amide in tetrahydrof uran (16 
ml, 16 mmol) . The crude benzoin was purified by 
chromatography on silica gel using 10% ethyl acetate in 
toluene to give 2.1 g (49%) of the compound as an oil. 
Anal. Calc'd. for C15H12F2O2S (MW 294.32): C, 61.21; 
H, 4.11; S, 10.89. Found: C, 61.10; H, 4.15; S, 10.90. 

Step 3; Preparation of 4-fluornnhP nvl-v-finnr^ - - 
methvlthiophenvl benzil 

The benzil was synthesized according to the 
procedure of Example 41, Step 3 using the benzoin of 
Step 2 (2.1 g, 7 mmol) and bismuth oxide (3.5 g, 8,4 
mmol) in acetic acid (19 ml). There was obtained 2 g 
(95%) of the desired benzil as a crystalline solid: mp 
92-93°C. Anal. Calc'd. for C15H10F2O2S (MW 292.31): 
C, 61.64; H, 3.45; S, 10.97. Found: C, 61.43; H, 3.21; 
S, 11.05. 

Step 4; Preparation of 4-methvl snl f onvlnhpuvl -1 • - 
f luoro-4 ; -methvl thiophen vl benzil 

A mixture of the benzil from Step 3 (2 g, 6.8 
mmol) and sodium methylsulf inate (775 mg, 7.1 mmol) in 
dimethyl formamide (10 ml) was stirred at 90°C for 16 
hours. The reaction was cooled, poured into water (12 0 
ml) and the mixture was extracted with methylene 
chloride. The organic layer was dried over sodium 
sulfate, filtered and the filtrate concentrated. The 
residue was recrystallized from ethyl acetate and 
hexane to give 760 mg (45%) of the desired sulfone: mp 
130-132°C. Anal. Calc'd. for C16H13FO4S2 (MW 352.41): 
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C, 54.53; H. 3.72; S, 18.20. Found: C, 54.20; H, 3.51; 
S, 18.40. 

rr „ p 5_. prpnaraHnn of 5- [ 3 - f l UPro- 4 - 

fm ~ rhv1 rtii ^p**™^ 3 -4 - u- (methvl suJ fony Prenyl! r 2- 
, rri f-i^o^Tn^thvD-IH-iTnidazole 

The imidazole was synthesized according to the 
procedure of Example 41, Step 5 using the sulfone of 
Step 4 (750 mg, 2.1 mmol) , ammonium acetate (850 mg , 
10.5 mmol) and trif luoroacet aldehyde ethyl hemiacetal 
(675 mg, 4.2 mmol) in acetic acid (10 ml). There was 
obtained 305 mg (35%) of the desired product as a 
crystalline solid: mp 272-274°C, after 
recrystallization from ethyl acetate. Anal. Calc'd. 
15 for C18H14N2F402S2 (MW 430.44): C, 50.23; H, 3.28; N, 
6.51; S, 14.90. Found: C, 50.41; H, 3.32; N, 6.21; S, 
14.80. 

Example 54 

20 



10 




5- (3-Chloro-5-methylpnenyl) -4- [4- 
(methylsulf onyl) phenyl] -2- (trif luoromethyl ) -1H- 
25 imidazole 

c rQ p i T Prpnqr^inn o f A - f 1 noronhenvl -3 ' -TTffithvl - 5 ' . 
nrnnhmv] Vw=>nzoin 
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The benzoin was synthesized according to the 
procedure of Example 41, Step 2 using 4- 
f luorobenzaldehyde trimethylsilylcyanohydrin (4 g, 18 
mmol), 3-methyl-5-chlorobenzaldehyde (2.78 g, 18 mmol) 
and 1M lithium bis ( trimethylsilyl ) amide in 
tetrahydrofuran (20 ml, 20 mmol). The crude compound 
was purified by chromatography on silica gel using 5% 
ethyl acetate in toluene as the eluent to give 1.85 g 
(37%) of the benzoin as a crystalline solid: mp 101- 
103°C. Anal. Calc'd. for C15H12FCIO2 (MW 278.71): c, 
64.64; H, 4.34. Found: C, 64.51; H, 4.29. 

Step 2; Preparation of 4-f 1 uoronh^m/ 1-3 ; -m^t-h^i -r . _ 
chloronhsnvl b^nr-i 1 

The benzil was synthesized according to the 
procedure of Example 41, Step 3 using the benzoin of 
Step 1 (1.85 g, 6.6 mmol) and bismuth oxide (3.3 g, 7.3 
mmol) in acetic acid (15 ml). There was obtained 1.6 g 
(90%) of the desired benzil as a crystalline solid: mp 
115-116°C. Anal. Calc'd. for C15H10FCIO2 (MW 276.70): 
C, 65.11; H, 3.64. Found: C, 65.00; H, 3.48. 

Step 3; Preparation of 4-Trqthvlsiilf n nvlnhPnvl-? ■- 
methvl-5'-cli1nrQnhPnv1 hsnZ2 1 

Following the procedure of Example 53, Step 4 and 
using the product from Step 2 (1.5 g, 5.4 mmol) and 
sodium methylsulf inate (665 mg, 6.5 mmol) in 
dimethyl formamide (15 ml), there was obtained 1.4 g 
(75%) of the desired benzil sulfone: mp 145-147 °C, 
after recrystallization from ethyl acetate and hexane . 
Anal. Calc'd. for C16H13CIO4S (MW 336.80): C, 57.06; H, 
3.89; S, 9.52. Found: C, 56.98; H, 3.71; S, 9.62. 

Step 4: Preparation of S- ( 3 -chl nr n - 5 -n^i-hyl nhpnvl ) - A- 
f4~ (methvlSUl fonvl) Phenyl 1 -2- (M-i fbmrnitiPthvl ) -1 H- 
imidazole 
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The title compound was synthesized according to 
the procedure of Example 41, Step 5 using the benzil 
sulfone of Step 3 (1 g, 3 mmol), ammonium acetate 
(1.25g, 15 mmol) and trif luoroacetaldehyde ethyl 
hemiacetal (875 mg, 6 mmol) in acetic acid (15 ml). 
There was obtained 480 mg (45%) of the desired 
product as a crystalline solid: mp 260-262°C, after 
recrystallization from ethyl acetate and hexane. 
Anal. Calc'd. for CI8H14N2O2F3CIS (MW 414.84.): C, 
52.12; H, 3.40; N, 6.75; S, 7.73. Found: C, 52.47, 
H, 3.31; N, 6.52; S, 7.57. 

Example 55 




5- [3-Chloro-4- (methyltliio) phenyl] -4- [4- 
(methylsulf onyl) phenyl] -2- <trif luoromethyl ) -1H- 

imidazole 

0 

Fr ~ r y Pv^ratnnn of 3 -chl oro-4 -methyl thi o 

pop aldehyde 

The aldehyde was synthesized according to the 
procedure of Example 53, step 1 using 4-fluoro-3- 
5 chlorobenzaldehyde (2.3 g, 14 mmol) and sodium methyl 
mercaptide (1.08 g, 15 mmol) in dimethyl formamide (10 
ml). There was obtained 1.58 g (60%) of the desired 
aldehyde as a crystalline solid: mp 59-61°C, after 
chromatography on silica gel using 5% ethyl acetate i 
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hexane as the eluent . Anal. Calc'd. for C8H7CIOS (MW 
186.66): C, 51.48; H, 3.78; S, 17.18. Found: C, 
51.29; H, 3.52; S, 17.10. 

5 Step 2: Preparation of 4-f luorophenvl-3 ; -chl orn-4 - - 

methvlthiophenvl benzoic 

The benzoin was synthesized according to the 
procedure of Example 41, Step 2 using the compound of 
Step 1 (1.5 g, 8 mmol), 4-f luorobenzaldehyde 

10 trimethylsilylcyanohydrin (1.78 g, 8 mmol) and 1M 

lithium bis ( trimethylsilyl ) amide in tetrahydrof uran (9 
ml, 9 mmol) . The crude compound was purified by 
chromatography on silica gel using 10% ethyl acetate 
in toluene to give 1.5 g (61%) of the benzoin as a 

15 crystalline solid: mp 96-98°C. Anal. Calc'd. for 

C15H12O2FCIS (MW 310.78): C, 57.97; H, 3.89; S, 10.32. 
Found: C, 58.04; H, 3.80; S, 10.47. 

Step 3: Preparation of 4-f luorophenvl-3 ; -chloro-4 ■ - 

2 0 methvlthiophenvl benzil 

The benzil was synthesized according to the 
procedure of Example 41, Step 3 using the benzoin of 
Step 2 (1.5 g, 4.8 mmol) and bismuth oxide (2.65 g, 5.3 
mmol) in acetic acid (15 ml). There was obtained 1.45 
25 g (98%) of the desired benzil as a crystalline solid: 
mp 124-126°C. Anal. Calc'd. for C15H10O2FCIS (MW 
308.77): C, 58.35; H, 3.26; S, 10.38. Found: C, 58.18; 
H, 3.09; S, 10.55. 

3 0 Step 4: Preparation of 4-methvlsulf onvlnhenvl-3 • - 

chloro-4 ; -thiomethvlphenvl benzil 

Following the procedure of Example 53, Step 4 
using the benzil of Step 3 (1.5 g, 4.9 mmoles) and 
sodium methylsulf inate (620 mg, 5.5 mmol) in 
35 dimethyl formamide (15 ml), there was obtained 450 mg, 
(25%) of the desired sulfone: mp 138-139°C, after 
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recrystallization from ethyl acetate. Anal. Calc'd. 
for C16H13O4CIS2 (MW 368.86): C, 52.10; H, 3.55; S, 
17.39. Found: C, 51.93; H, 3.31; S, 17.52. 

5 e; rP p 5: p r op^ a H Q ii nf 5- [ 3 -ch l OrQ- 4- 

OnaUiyJ fchJ alphsmLl ] -4 - f4- (methyl saJ fsnyJ Irliffny l l - 2- 
lrri f^^-rnTn^rh^i ) -iH-invi dazole 

The title compound was synthesized according to 
the procedure of Example 41, Step 5 using the sulfone 

10 of Step 4 (440 mg, 1.2 mmol), ammonium acetate (560 mg, 
7.2 mmol) and trif luoroacetaldehyde ethyl hemiacetal 
(390 mg, 2.4 mmol) in acetic acid (7 ml). The crude 
product was purified by recrystallization from ethyl 
acetate and hexane to give 283 mg (53%) of the title 

15 compound as a crystalline solid: mp 255-257C. Anal. 
Calc'd. for C18H14N202F3C1S2 (MW 446.90): C, 48.38; H, 
3.16; N, 6.27; S, 14.35. Found: C, 48.54; H, 3.15; N, 
5.89; S, 14.57. 



20 



Example 56 




5- (3-Fluoro-4-metliylpkenyl) -4- [4- 
25 (methylsulf onyDpHenyl] -2- ( trif luoromethyl ) -1H- 

imidazole 
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tert-Butyllithium (31 ml of a 1.7 M solution in 
toluene, 52 mmol) was added slowly over 3 0 minutes to a 
cold (-70°C), stirred solution of 4-bromo-2- 
f luorotoluene (5 g, 26 mmol) in tetrahydrof uran (25 
ml) . After addition was complete, the mixture was 
stirred for 15 minutes and a solution of 

dimethyl formamide (2 g, 28 mmol) in tetrahydrof uran (10 
ml) was then added over 10 minutes. After addition was 
complete, the reaction solution was warmed to room 
temperature over 30 minutes. The reaction was poured 
into 0.5N aqueous potassium bisulfate (125 ml) and 
extracted with ethyl ether. The combined organic 
extracts were dried over sodium sulfate and evaporated 
to give 3.3 g (90%) of the desired product as an oil. 
This material was suitable for use without further 
purification. 

Step 2; Preparation of 4-flunronhpn v i-v-finnrn-A •- 

methyl nhenvl benzoin 

The benzoin was synthesized according to the 
procedure of Example 41, Step 2 using the product of 
Step 1 (3.3 g, 24 mmol), 4-f luorobenzaldehyde 
trimethylsilylcyanohydrin (5.3 g 24 mmol) and 1M 
lithium bis (trimethylsilyl) amide in tetrahydrof uran (25 
ml, 25 mmol) . The crude compound was purified by 
chromatography on silica gel using 10% ethyl acetate 
in toluene as the eluent to give 2.4 g (48%) of the 
title benzoin as a crystalline solid: mp 69-72°C. 
Anal. Calc'd. for C15H12F2O2 (MW 262.25): C, 68.70; H, 
4.61. Found: C, 68.53; H, 4.49. 

Step 3: Preparation of 4-flunrnnhP nvl-V-f1nn r n-4 '- 
methvlnhenvl b^n^i 1 

The benzil compound was synthesized according to 
the procedure of Example 41, Step 3 using the product 
of Step 2 (2.4 g, 9 mmol) and bismuth oxide (5 g, 12 
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mmol) in acetic acid (25 ml). There was obtained 2.3 g 
(95%) of the desired benzil as a crystalline solid: mp 
81-82°C. Anal. Calc'd. for C15H10F2O2 (MW 260.24): C, 
69.23; H, 3.87. Found: C, 69.04; H, 3.80. 

5 

gt-*>r» A: prpparatio n of A-methvl sulf onvlPhenv l -3 '- 

fy^ T n-A ; -mgfbylnhgnyl benzil 

Following the procedure of Example 53, Step 4 

using the benzil from Step 3 (2.15 g 8.2 mmol) and 
10 sodium methylsulf inate (1.05 g, 10 mmol) in 

dimethyl formamide (20 ml), there was obtained 1 g (50%) 

of the desired sulfone: mp 146-147°C, after 

recrystallization from ethyl acetate and hexane . Anal. 

Calc'd. for C16H13FO4S (MW 320.34): C, 59.99; H, 4.09; 
15 S, 10.01. Found: C, 59.68; H, 4.17; S, 10.13. 

5_; Preparation of 5- ( 3 - f luoro-4 -methyl Phenyl ) -4- 
r4 _ ( m pfhvi R nif o nvi ^h*ny1 l^-ttriflnorPmethv l l-l H- 
imidazole 

20 The title compound was synthesized according to 

the procedure of Example 41, Step 5 using the product 
of Step 4 (355 mg, 1.1 mmol), ammonium acetate (510 mg, 
6.6 mmol) and trif luoroacetaldehyde ethyl hemiacetal 
(360 mg, 2.2 mmol) in acetic acid (5 ml). The crude 
25 product was purified by recrystallization from ethyl 
acetate and hexane to give 140 mg (40%) of the title 
compound: mp 251-252°C. Anal. Calc'd. for 
C18H14N2F4O-2S (MW 398.38): C, 54.27; H, 3.54; N, 7.03; 
S, 8.05. Found: C, 53.98; H, 3.40; N, 6.72; S, 7.84. 

30 
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Example 57 




5- (3-Chloro-4-methoxyphenyl) -4- [4- 
(metliylsulf onyl) phenyl] -2- ( trif luoromethyl) -1H- 

imldazole 

Step 1: Preparation nf 4-f J iinrn phenvl-^ ; -chl nm-4 • - 
methoxvphenvl benzoin 

The benzoin compound was synthesized according to 
the procedure of Example 41, Step 2 using 4- 
f luorobenzaldehyde trimethylsilylcyanohydrin (5.3 g, 2 4 
mmol) , 3-chloro-4-methoxybenzaldehyde (4.1 g, 24 mmol ) 
and 1M lithium bis (t rime thylsilyl ) amide in 
tetrahydrofuran (25 ml, 25 mmol). The crude compound 
was purified by chromatography on silica gel using 10% 
ethyl acetate in toluene as the eluent to give 3.5 g 
(51%) of the title benzoin as a crystalline solid: mp 
119-121°C. Anal. Calc'd. for C15H12CIFO3 (MW 294.71): 
C, 61.13; H, 4.10. Found: C, 61.00; H, 4.21. 

Step 2: Preparation of 4-f lunr nphenvl -3 ; -chl nrn-4 ' - 

The benzil compound was synthesized according to 
the procedure of Example 41, Step 3 using the product 
of Step 1 (3.5 g, 12 mmol) and bismuth oxide (6.6 g, 14 
mmol) in acetic acid (35 ml). There was obtained 2.8 g 
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10 



15 



20 



25 



(85%) of the desired benzil as a crystalline solid: mp 
152-154°C. Anal. Calc'd. for C 15 Hl 0 FClO 3 (MW 292.70): 
C, 61.55; H, 3.44. Found: C, 61.40; H, 3.31. 

Following the procedure of Example 53, Step 4 
using the benzil from Step 2 (2.8 g. 9.6 mmol) and 
sodium methylsulfinate (1.25 g, 12 mmol) in 
dimethylformamide (25 ml), there was obtaxned 2.3 g 
(70%) of the desired product: mp 163-166°C. Anal. 
Calc'd. for C16H13C10 5 S (MW 352.79): C 54.47; H, 
3.71; S, 9.09. Found: C, 54.11; H, 3.52; S, 9.30. 

e ro p a • p^n nrn^- of s- om-4-Tnet WPhenyl) - 4^ 
[ a - ,n,phhvi au3 famOlcnanyJ ] -?- (trif luorompthyl ) =1 3= 

■jTpi dazole 

The title compound was synthesized according to 
the procedure of Example" 41, Step 5 using the sulfone 
of Step 3 (2.2 g, 6.5 mmol), ammonium acetate (3 g, 20 
mmol) and trif luoroacetaldehyde ethyl hemiacetal (2.1g, 
13 mmol) in acetic acid (30 ml) . The crude product was 
purified by chromatography on silica gel using 25% 
ethyl acetate in toluene as the eluent give 760 mg 
(35%) of the desired product as a crystalline solid: mp 
288-291°C after recrystallization from ethyl acetate 
andhexane. Anal. Calc'd. for C18H14F3CIN2O3S (MW 
430.83): C, 50.16; H, 3.28; N, 6.50; S, 7.44. Found: C, 
50.17; H, 3.17; N, 6.31; S, 7.58. 



30 
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Example 58 




5 1- [5- (3-Chloro-5-methylphenyl) -4- [4- 

(methylsiilfoxiyl) phenyl] -2- (trif luoromethyl ) -1H- 
imidazol - 1 -y 1 ] ethanone 



Acetyl chloride (50 mg, 0.6 iranol ) was added to a 
10 cold (5°C), stirred solution of Example 54 (150 mg, 0.3 
mmol) and triethylamine (80 mg, 0.8 mmol) in 
acetonitrile (3 ml) . The reaction was warmed to room 
temperature and stirred for 4 hours. The solvent was 
removed and the residue was purified by chromatography 
15 on silica gel using 20% ethyl acetate in toluene as the 
eluent to give 15 mg of the desired product as a 
crystalline solid: mp 257°C. Anal. Calc'd. for 
C2OHI6N2O3CIF3S (MW 456.87): C, 52.58; H, 3.53; N, 
6.13; S, 7.02. Found: C, 52.21; H, 3.61; N, 5.95; S, 
20 7.30. 
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Example 59 




5 5- (3-Methylphenyl) -4- [4- (methylsulf onyl) phenyl] -2- 

trif luoromethyl-lH- imidazole 

Pt^P 1: Prfflarat ion of ^-methvl-a- 

[ ftrimfit.hvl fii Ly] ) oxvl henzenftacetonitrile 

10 The silyl compound was prepared by allowing 

trimethylsilylcyanide (52 mmol, 7 ml) and m- 
tolualdehyde (50 mmol, 5.88 ml) to stir at room 
temperature in the presence of zinc (II) iodide (50 mg) 
for 3 hours. The compound (10.6 g, 96%) was obtained 

15 as an oil by distilling the reaction mixture in vacuo: 
bp 8 9 °C, ca. 1 torr) . 

pi-gp 2: Preparation of 2 -hvdroxv-1 - ( 3 -methvlPhenvl ) - 2 - 
]A- (mPt-.hvlthi nhenvl 1 -ethanone 

2 0 Dry tetrahydrof uran (100 ml) was introduced to a 

dry round-bottom flask, and cooled to -78%C. Lithium 
hexamethyldisilazide (1M in THF , 50 ml) was added, 
followed by the silyl compound from step 1 (48 mmol, 
10.6 g) , rinsing with ca . 10 ml additional THF to 

25 ensure complete transfer. After 30 minutes, (4- 

methylthio)benzaldehyde (50 mmol, 6.67 ml), was added. 
After 1 hour the reaction was quenched with 10% HC1 
(200 ml) and KHF 2 (60 mmol, 4.68 g) . The resulting 

mixture was stirred at ambient temperature for 1 hour, 
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then extracted using ethyl acetate (400 ml) . The 
organic phase was separated and washed with sat. NaCl 
(60 ml) . The organic phase was dried over magnesium 
sulfate, filtered, concentrated, and subjected to 
5 silica gel chromatography (2:1 hexanes : ethyl acetate), 
affording the title material (8.31 g, 62%) as a waxy 
semisolid, which was used in the next step. 

Step 3; Proration of 1 - n-m^h Y i ph pnvi \ [ 4 - 

10 (methyl thio) phenyl 1 sthanp- i . 2-d-i nn ^ 

The ketone from step 2 (30.5 mmol , 8.31 g) was 
diluted with acetic acid (90 ml) and heated to ~90°C. 
Bi 2 0 3 (30.5 mmol, 14.2 g) was added. After stirring 15 
minutes, additional bismuth oxide (15 mmol, 7 g) was 

15 added. After 3 0 additional minutes, the mixture was 

filtered through silica and Celite®, then lyophilized. 
The residue was subjected to chromatography (3:1 
hexane: ethyl acetate), affording the title compound as 
a yellow solid (3.56 g, 43%), which was used in the 

2 0 next step. 

Step 4; Preparation of 5- (3-Tn^b Y i p henvi ) -a- j a. 
(TPethy ] thio)phenvn-2-(trifluoroTT,^h^i ) - 1H -SmSr lar ^-, Q 
The dione from step 3 (13 mmol, 3.51 g) was 
25 combined with acetic acid (40 ml), ammonium acetate (78 
mmol, 6.01 g) and ethyl trif luoroacetaldehyde 
hemiacetal (39 mmol, 4.53 ml). The mixture was stirred 
at reflux for 1 hour. Additional hemiacetal (ca 13 
mmol, 1.5 ml) was added and heating was continued for 

3 0 another hour. The mixture was cooled, lyophilized, 

and subjected to chromatography (5% methanol in 
toluene), affording the product as a thick semi-solid 
(2.35 g, 54%) which was carried through the next step. 



SUBSTITUTE SHEET {RULE 26) 



WO 96/03387 



PCT/US95/09505 



128 



10 



15 



r ^ p Prwr - ra ^rm of s- f ^-TnerhvXpVi^v1)-4-[ 4- 

(-■.^H £JjJ f nnvl )Ph^PV l 1 -->- ftri f Innrnp^hYl) =1 H=. 

Acetic acid (30 ml) was added to the imidazole 
from step 4 (6.95 mmol , 2.35 g) , followed by 30% 
hydrogen peroxide (-24 mmol, 2.4 ml) . The mixture was 
heated for thirty minutes over a steam bath, cooled, 
lyophilized, and then purified by chromatography (ethyl 
acetate) . Final purification was accomplished by 
recrystallization from acetonitrile , affording the 
title compound (0.60 g, 24%): Anal. Calc'd. for 
C 18 H 15 F 3 N 2 0 2 S : C 56.84; H, 3.97; N, 7.36. Found: 

C, 56.80; H, 4.09; N, 7.29. 

Example 60 

H 2 N, Q 




20 



25 



5- <3-Methylpnenyl) -4- [4- (sulf onamido) phenyl] -2- 
trif luoromethyl - 1H- imidazole 

Uns^yj auJ isayJ LbHsqyJ 3 - ? - n-ri f i ^orpm^hYi ) -1- [ ( 2- 
♦-r-s^hvis j lyi ^hnwimpi-hvl 1 =1H=J mi dazol e 

Sodium hydride (60% in oil, 1.06 mmol, 42 mg) was 
washed with hexane (ca 2 X 1 ml) , then covered with 
N,N-dimethyformamide (2.1 ml) . 5- ( 3 -Methylphenyl ) -4- 
[4-(methylsulfonyl)phenyl]-2-trifluoromethyl-lH- 

imidazole (Example 59) (0.70 mmol, 268 mg) was added, 
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with stirring. After 15 minutes, 2- 

( trimethylsilyl ) ethoxymethyl chloride (SEM-C1) (1.06 
mmol, 0.19 ml) was added and the mixture was stirred 
overnight. The reaction was quenched with saturated 
5 ammonium chloride (ca. 4 drops), and concentrated in 
vacuo. The residue was subjected to chromatography 

(2:1 hexane: ethyl acetate) and concentrated to afford 
the title compound (284 mg, 79%) as an oil as a mixture 
of the two possible N alkylated isomers (by NMR) . 

10 

Step 2: Pre paration of 5- ( 3 -methvlphenvl ) -4- f4- 

( sulf onami do) phenyl 1 -2-trif luoromethyl-lH-imidazol e 

The compound of step 1 (1.0 mmol, 510 mg) was 
diluted with tetrahydrof uran (3 ml) and cooled to 0°C. 

15 n-Butylmagnesium chloride (2.0 M in THF, 2.5 ml) was 
added over 1 minute. After 5 minutes, the cold bath 
was removed and the reaction mixture was warmed the 
reflux. The solution was cooled to 0°C after 40 hours 
at reflux, and a solution of hydroxylamine O-sulphonic 

2 0 acid (0.9 g) and sodium hydroxide (0.9 g) in water (4 
ml) was added. The reaction mixture was stirred for 7 
hours at ambient temperature, and extracted into ethyl 
acetate (50 ml) . The organic phase was dried over 
magnesium sulphate, filtered through a silica plug, and 

2 5 concentrated. The residue was diluted with ethanol (8 
ml) and 6N HC1 (2 ml). After 90 minutes, a solution of 
ammonium hydroxide (0.5 ml) in water (5 ml) was added, 
and the mixture was taken up with ethyl acetate (100 
ml) . The organic phase was separated, dried using 

30 magnesium sulphate, concentrated, and subjected to 

chromatography (2:1 hexane: ethyl acetate). The 

product was re-concentrated from acetone to afford the 

title compound as a white powder (17 3 mg, 45%) : Anal. 
Calc'd. for C 17 H 14 F 3 N30 2 S • (1/2 acetone): C, 54.14; H, 

35 4.18; N, 10.24. Found: C, 54.06; H, 4.23; N, 9.86. 
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Example 61 




5 5- (3 , 4-Dimethylphenyl) -4- [4- ( methyl thio) phenyl] -2- 

( trif luoromethyl ) -1H- imidazole 

Step 1: Preparation of 3 , 4 -dimethyl -a- 
r ( trimethylsilyl ) oxvl benzeneacetonitril e 
10 The title compound was prepared by the method of 

Example 59, step 1, using (41 mmol, 5.5 g) of 3,4- 
dimethylbenzaldehyde and affording the title compound 
as an oil (8.51 g, 98% ) (bp_ ltorr =105°C ) . 

15 Step 2: Preparation of 1- ( 3 , 4-dimethvlphenvl ) -2 - 
hvdroxv-2-f4- (methvlthio) phenyl! -ethanone 

The title compound was prepared by the method of 
Example 59, step 2, using (40.9 mmol, 8.50 g) of 3,4- 
dimethyl-a- [ ( trimethylsilyl ) oxy ] benzeneacetonitrile 

20 from Step 1, and affording (9.7 g, 83%) of the title 
compound as an oil. 

Step 3: Pre paration of 1 - ( 3 . 4 -dimethvlphenv 1 ) -2 - f 4 - 
(methylthio ) phenyl 1 ethane-1 , 2-dione 
25 The title compound was prepared from l-(3,4- 

dimethylphenyl) -2-hydroxy-2- [4- (methyl thio) phenyl ] - 
ethanone from step 2 (34 mmol, 9.7 g) ) by the method of 
Example 59, step 3. The title compound (4.65 g, 50%), 
a yellow solid, was used directly in the next step. 
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Step 4; Preparation of 5- (3 . 4-HimP thvinhPnyi i -4- [ a- 

(methvlthio) Phenyl 1 -2- ft-ri flunro ^ thvl ) -1H-imirf 3 7nl P 

The title compound was obtained by the method of 
Example 59, step 4, using 1- (3, 4-dimethylphenyl ) -2- [4- 

(methylthio)phenyl]ethane-l,2-dione from step 3 (16 
mmol, 4.5 g) . The product was a viscous oil (2.3 g, 
41%). 

Step 5j Preparation of 5- 1 3 . 4-ri-im^ t hvlnhftnvi \ -4- [ 4- 
(methvlsulfonvl ) phenyl 1 - 2- tt.ri flunrnmPthvl \ --| h- 

inu e 

The title compound was obtained from 5- (3,4- 
dimethylphenyl ) -4- [4- (methylthio) phenyl] -2- 
(trif luoromethyl) -lH-imidazole (Step 4) (6.6 mmol, 2.3 
g) by the method of Example 59, step 5. This analog 
was recrystallized first from 2-butanone, and then 
acetone, and finally dried by concentration from 
acetonitrile, affording the desired product (150 mg, 
6%). mp (DSC) 279-284°C. Anal. Calc'd. for 
C 19 H 17 F 3 N 2°2 S * 1 / 3 H 2 0: c - 56.99; H, 4.45; N, 7.00. 
Found: C, 56.95; H, 4.08; N, 7.00. 

Example 62 




4- [4- (Methylsulf onyl ) phenyl] -5- ( 3 -pyridyl ) -2- 
( trif luoromethyl ) -lH-imidazole 
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c^r 1- Prpn3r?Hni1 nf 4-Tnftr.hvlthio-flLi 

To a mixture of KCN (50 mg) and 
trimethysilylcyanide (55 mmol, 7.31 ml) was added 4- 
5 methylthiobenzaldehyde (50 iranol, 6.66ml). The 

reaction was stirred at ambient temperature 4 hours, 
then subjected to distillation (bp_ ltorr =131°C ) , 

affording the product as an oil (9.7 g, 77%). 

io s£sb E ssBagaLisn of 2-hvdroxy-i- [ 4- 

frr - Hyl rh^^^" v1 1 n-nvridvl ) -ethanon e 

4-Methylthio-ot- 
[ (trimethylsilyl)oxy]benzeneacetonitrile (39 mmol, 9.70 

g) was added to a solution of lithium 
15 hexamethydisilazide (1M in THF, 42 ml) in dry 

tetrahydrofuran (42 ml) at -78°C. After 15 minutes, 3- 
pyridinecarboxaldehyde (39 mmol, 4.13 ml) was added. 
The reaction was quenched after an additional 3 0 
minutes using 10% HCl (150 ml), followed by KHF 2 (4.0 
20 g) . The mixture was warmed to ambient temperature and 
basified to ca. pH 14, using 50% NaOH. The product was 
extracted into ethyl acetate (200 ml, then 2 X 100 ml) . 
The combined organic layers were dried using magnesium 
sulfate, filtered, concentrated, and subjected to 
25 chromatography (2:1 hexane:ethyl acetate), affording 
the title compound as a solid (6.3 g, 61%), which was 
used in the next step. 

e— r 7. Er^Ear^jfflP ^ i-r4-fmPfhvithiQ)Phpnvn-2-( 3- 
30 rvr-irivl) -gi-**r<P-l .2-dione 

A solution of dimethyl sulphoxide (30 mmol, 2.13 
ml) in methylene chloride (90 ml) was cooled to -65°C. 
Trifluoroacetic acid anhydride (20 mmol, 2.82 ml) was 
added over 3 minutes, then stirred 10 minutes. 2- 
3 5 Hydroxy-1- [4- (methylthio) phenyl] -2 - ( 3 -pyridyl ) -ethanone 
(step 2) (10 mmol, 2.59 g) was suspended in ca 10 ml of 
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methylene chloride and rinsed into the reaction vessel 
using ca 5 ml additional solvent. After 40 minutes, 
triethylamine (58 mmol, 8.07 ml) was added. The 
mixture was warmed to 0°C over 3 0 minutes, with 
5 continued stirring, then diluted with water (100 ml) 

and extracted with ethyl acetate (200, then 2 X 50 ml) . 
The combined organic layers were dried over magnesium 
sulfate, filtered, concentrated, and subjected to 
chromatography (2:1 hexanerethyl acetate), affording 
10 the title compound as a yellow solid (2.43 g, 94%), 
which was used in the next step. 

Step 4; Preparation of 4- f4- (methvl t hiolphenvl 1 -S- f V 
pvridvl) -2- (trifluoromethvl ) -1 H-imidazol g 
15 The title compound was synthesized from l-[4- 

(methylthio) phenyl] -2- (3-pyridyl) -ethane-1 , 2 -dione 
(Step 3) by the method of Example 59, step 4, except 
that after lyophilizat ion, the residue was diluted with 
ethyl acetate (200 ml) and washed with 10% ammonium 

2 0 hydroxide (100 ml ) . The aqueous layer was extracted 

with ethyl acetate (2X 50 ml), and the combined organic 
layers were dried over magnesium sulfate, filtered, 
concentrated, and subjected to chromatography, 
affording the product as a viscous oil (3.13 g, 
25 -quant.), which was used in the next step. 

Step 5; Preparation of 4- T4- (methvls ulf onvl ) nhenvl 1 r 5- 
(3-Pvridvl) -2- (trifluorometh vl) -1H- imidazol e 

4- [4- (Methylthio) phenyl] -5- (3-pyridyl) -2- 

3 0 (trif luoromethyl) -lH-imidazole (Step 4) (9.3 mmol, 3.13 

g) was diluted with acetic acid (20 ml), treated with 
hydrogen peroxide (30%, -19 mmol, 1.9 ml), and heated 
over a steam bath for 30 minutes. After subsequent 
lyophilization, the residue was treated with amberlyst 
3 5 (OH-) resin and washed onto a chromatography column, 
where the product was eluted using 90:10:1 ethyl 
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acetate : methanol : ammomium hydroxide. The concentrated 
product was recrystallized twice from ethyl 
acetate/hexane, and concentrated from acetone solution 
to remove final traces of water and solvent. The 
structure of the product (640 mg , 22%) was verified 
spectroscopically . Anal. Calc'd. for C 16 H 12 F 3 N 3°2 S : C ' 
52.31; H, 3.29; N, 11-44. Found: C, 52.74; H # 
3.48; N, 10.22. 



5 - ( 3 - Cyanopheny 1 ) - 4 - [ 4 - ( me t hy 1 thio ) phenyl ] -2- 
(trif luoromethyl) -1H- imidazole 

Step 1: Preparation of 1 - ( 3 -cvanophenvl ) -2 -hvdroxv-2 - 
T4- fmethvlthio) phenyl 1 -ethanone 

Sodium cyanide (3 mmol, 0.147 g) was added to a 
mixture of ethanol (30 ml), water (30 ml), 3- 
cyanobenzaldehyde (30 mmol, 3.93 g) and 4- 
(methylthio)benzaldehyde (30 mmol, 4.0 ml). The 
reaction was stirred at reflux 30 minutes, diluted with 
water (20 ml) and extracted with ethyl acetate (250 
ml) . The organic layer was separated, dried over 
magnesium sulfate, concentrated, and the residue 
purified by silica gel chromatography (2:1 hexane: ethyl 
acetate), affording the title compound as a solid (5.2, 



Example 63 




CN 



61%) . 
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Step 2; Preparation of l-l3-rvanonhsnvl1-2-f 4- 

(methvlthio) Phenyl 1 etha ne-1 . 2-rH on ^ 

The ketone from step 1 (7.07 ramol, 2.00 g) was 
transformed into the title dione using a Swern 
oxidation similar to Example 62, step 3. The title 
compound (2.0 g, -quant), a yellow solid, was used in 
the next step. 

Step 4: Preparation of 5- (^-n/an cmhsnvl ] -A- \ A- 
(methvl thio) Phenyl 1 -2- (trif hmrn methvl ) -IH-imi d^ol ^ 

1- (3-Cyanophenyl) -2- [4- (methyl thio) phenyl ] ethane- 
1,2-dione (Step 3) (7.00 mmol, 1.97 g) was converted 
into the title compound using the method of Example 59, 
step 4, affording a foam (1.79 g, 71%). 

Step 5; Preparation of 5- (l-rvan onhmvl ) -A- ( A- 
(methvJsulfonvJ ) phenyl 1 -2- (tri fl n o romethyl I-1 H- 
imida^nl «=■ 

5- (3-cyanophenyl) -4- [4- (methyl thio ) phenyl ] -2 - 
(trif luoromethyl) -lH-imidazole (Step 4) (1.4 mmol, 502 
mg) was oxidized using the method of Example 59, step 
5. The chromatographed product was recrystallized from 
ethyl acetate/hexane, then dried by concentration from 
acetonitrile, affording 132 mg (25%). Anal. Calc'd. for 
C 18 H 12 F 3 N 3°2 S: c ' 55.24; H, 3.09; N, 10.74. Found: 
C, 55.25; H, 3.11; N, 10.74. 

Example 64 
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5- (2-Fluorophenyl) -4- [4- (methylsulf onyl ) phenyl] -2- 
(trif luoromethyl ) -1H- imidazole 

StPn 1: Prppar3^inn ( 2 - f luoropbpnvll methvl - 
trinhenv lnhnsnhonium bromide 

2-Fluorobenzyl bromide (80 mmol, 12.4 ml) was 
added to a solution of triphenylphosphine (80 mmol, 
21.0 g) and tetrabutyl ammonium iodide (100 mg) in 
toluene (60 ml ) . The mixture was stirred at ambient 
temperature 24 hours, then heated at reflux for 15 
minutes. On cooling, the title compound was isolated 
by filtration, dried in vacuo to constant weight (34 
g, 94%) and used without characterization. 

Bt-.an 2: Prmarafinn of 1 - f luoro-2 - \ 2 - \ 4- 

(mfithvls ni f nnvl ) phenyl 1 ethvl envl 1 benzene 

The phosphonium salt from step 1 (20 mmol, 9.02 g) 
was suspended in ethanol (60 ml) and cooled to 0°C. n- 
Butyllithium (1.6 M in hexane, 13.1 ml) was added 
slowly (over -15 minutes) . Five minutes after complete 
addition, (4-methylthio) benzaldehyde (20 mmol, 2.67 ml) 
was added, and the mixture was stirred 2.5 hours at 
ambient temperature. Water (40 ml) was added, and the 
product was extracted into methylene chloride (2 00 ml) . 
The organic phase was dried over magnesium sulfate, 
passed through a large silica plug, and concentrated, 
affording a solid material, which was diluted with 
methanol (80 ml) and cooled to 0°C . Oxone® (50 mmol, 
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30.8 g) in aqueous {150 ml) suspension was added, the 

reaction was stirred at 0°C for 15 minutes, then 1.5 

hours at ambient temperature. The product was 

extracted into methylene chloride (200 ml, then 2 X 50 
5 ml). The combined organic phases were dried (MgS0 4 ), 

filtered through a silica plug, and concentrated to 
afford the title compound (3.5 g, 63%) as a semi-solid 
mixture (-2:1) of olefin isomers. The material was 
used, as is, in the next transformation. 

10 

Step 3 ; Preparation of 1- (2-f luoroohenvl) -2- T4- 

(methvlsul fonvl) phenyl 1 ethane-1 , 2-diong 

Based on a procedure by: K. B. Sharpless,et al . 
rj. Am. Chem. Soc. . 93, 3303 (1971)] the stilbene from 

15 step 2 (12.5 mmol , 3.45 g) was dissolved in acetic 

anhydride (60 ml) and cooled to 0°C. Solid KMn0 4 (50 

mmol, 7.9 0 g) was added in 5 portions over a 2 0 minute 
period. After an additional hour, the reaction was 
quenched as follows: toluene (2 00 ml, chilled to 0°C) 
20 was added; then sodium bisulfite (14 g/ 60 ml, chilled 
to 0°C) in a portionwise manner. Slow quenching is 
desirable because the reduction of excess permanganate 
is exothermic. The mixture was stirred at 0°C until no 
purple color remained, then washed with a cooled (0°C) 

2 5 IN NaOH solution (20 0 ml ) . The organic layer was 

separated, dried over MgS0 4 , concentrated, and 

subjected to chromatography, yielding the title 
compound as a yellow solid (3.58 g, 95%). 

3 0 Step 4 ; Preparation of 5- (2-f luorophenvl ) -4- f4- 

(methvlsulfonvl) Phenyl! -2- ( trif luoromethvl ) -1H- 

The title compound was prepared from the dione in 
the previous step (11 mmol, 3.43 g) using the method of 
35 Example 59, step 5, except that the reaction was at 
reflux 8 hours. Purification consisted of 



SUBSTITUTE SHEET (RULE 26) 



WO 96/03387 



PCT/US95/09505 



138 

chromatography [hexane : ethyl acetate (2:1), then 
methylene chloride/ethyl acetate (9:1)], 

recrystallization from ethyl acetate/hexane, and drying 
by concentration from acetone solution, affording a 
5 white solid (508 mg, 12%) . Mass spectrum (EI, M/e) : 
384. Anal. Calc'd. f or C-^H^F^C^S : C, 53.13; H, 

3.15; N, 7.29. Found: C, 53.01; H, 3.04; N, 6.76. 
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Example 65 



N 

y-cF 3 

N 
H 

OMe 

5 5 - ( 3 -Methoxypheny 1 ) - 4 - [4- (metnylsulf onyl) phenyl] -2- 

(trif luoromethyl) -1H- imidazole 

Step I; Preparation (VmsMinxynh envl IniPt-hv l- 

triphenvlphnsnhnninm rhlnriHP 
10 The title compound was prepared from (80 mmol, 

11.6 ml) of 3 -methoxybenzyl chloride by the method of 
Example 64, step 1, except that the reaction was heated 
3 days at reflux, affording the title compound (21.6 g, 
65%) . 

15 

Step 2; Preparation of 1 -Tnethnxv-V r?- \A- 

(methvlsul fonvl ) phenyl 1 pthvl envl lhPn^n p 

The title compound was prepared by method of 
Example 64, step 2. From 20 mmol phosphonium salt 
20 (8.36 g) was obtained 5.47 g (95%) of the title 
compound . 

Step 3; Preparation of 1-(3-mflthn wphfinvH-^-r A- 

(methvlsulfonvl ) Phenyl! et.han e-1 . 2-dion ^ 
25 The title compound was obtained from l-methoxy-3- 

[2- [4- (methylsulfonyl) phenyl ] ethylenyl] benzene (Step 2) 
(18.4 mmol, 5.29 g) , using the method of Example 64, 
step 3, and affording the desired dione as a yellow 
solid (1 .55 g, 27%) . 
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pt-^p 4. p r pnar?l-inn of 5 - ( 1 -met hoxvphenvl ) -4 - f 4 - 
fmprhvl su. l fnnvl ) nhenvl 1 -2- ( tri f 1 UOromftthvl ) ~1 H- 
jflU riazole 

The title compound was prepared from the dione in 
the previous step (4.9 mmol, 1.55 g) using the method 
of Example 59, step 5, except that the reaction was at 
reflux for 5 hours. Purification consisted of 
chromatography (9:1 methylene chloride : ethyl acetate), 
followed by recrystallization from ethyl 
acetate/hexane, affording a white solid (676 mg, 35%) : 
mp <DSC)= 202-208 °C . Anal. Calc'd. for 
C 18 H 15 F 3 N 2°3 S * 1/3 H 2 0: C ' 53 - 73 '- H ' 3 ' 92; N ' 6 ' 96 - 
Found: C, 53.78; H, 3.63; N, 6.45. 

Example 66 




5 - ( 3 -Fluorophenyl ) -4 - [4 - (methylsulf onyl ) phenyl ] -2 - 
(trif luoromethyl) -lH-imidazole 

fif^n 1 : Prpnarat ^fl ( ? - f 1 noroohenvl ) methyl _ 
trinhenvTnhospl inriinni bromide 

The title compound was prepared from (80 mmol, 
11.6 ml) of 3-f luorobenzyl bromide by the method of 
Example 64, step 1, except that the reaction was 
stirred 3 days at ambient, affording the title compound 
(27 .1 g, 76%) . 



SUBSTITUTE SHEET (RULE 26) 



WO 96/03387 



PCT/US95/09505 



141 



Step 2 ; Preparation of 1 -f hmrn-v \?.- \a- 

(methvlsulfonvl)phfinvl 1 ethvl p nvllbfinr.en p 

The title compound was prepared by method of 
Example 64, step 2. From 20 mmol phosphonium salt 
(8.80 g) was obtained 2.68 g (48%) of the title 
compound. 

Step 3 ; Preparation of 1- ( 3-f lnnr ophenvl } -2- r a- 

(methvlsul f onvl ) phenyl 1 ethang-1 . 2 -dion p 

The title compound was obtained from l-fluoro-3- 

[2- [4- (methylsulfonyl ) phenyl ] ethylenyl] benzene (Step 2) 

(9.71 mmol, 2.68 g) , using the method of Example 64, 
step 3, and affording the desired dione as a yellow 
solid (770 mg, 26%) . 

Step 4 ; Preparation of S -(3-flnnrQPhenv1l-A-r A- 

(roethvlsul f onvl) phenyl 1 -2- (tr-i f l u orom^thyi \ -i w- 
imidazole 

The title compound was prepared from the dione in 
the previous step (2.5 mmol, 770 mg) using the method 
of Example 59, step 5, except that the reaction was at 
reflux 5 hours. Purification consisted of 
chromatography (20:1 methylene chloride : ethyl acetate), 
followed by recrystallization from ethyl 
acetate/hexane, affording a white solid (377 mg, 39%) : 
Mass spectrum (EI, M/e) : 384. mp (DSC)= 225-229°C. 
Anal. Calc'd. for C 17 H 12 F 4 N 2 0 2 S : C, 53.13; H, 3.15; 

N, 7.29. Found: C, 52.98; H, 3.01; N, 7.04. 
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Example 67 




5- (2-Methylphenyl) -4- [4- (methylsulf onyl) phenyl] -2- 
(trif luoromethyl) -1H- imidazole 

pt-pp i : prpparat j nn ( 7 -met- hvl r>henvl ) methy l- 

trinhPnv lpbnsnhPTli"^ H-romi de 

The title compound was prepared from (105 mmol, 
14.1 ml) of 2-f luorobenzyl bromide by the method of 
Example 64, step 1, except that the reaction was 
stirred 3 days at ambient, affording the title compound 
(39 .8 g, 85%) . 

.^pn 7: Prpnar^inn nf 1 -methv] -2 - f 2 - \ 4 - 

f^hvi^ i fnnvnnb^vnpthvlpnvl 1 benzene 

The title compound was prepared by method of 
Example 64, step 2. From 40 mmol phosphonium salt 
(17.9 g) was obtained 10.5 g (96%) of the title 
compound . 

qrpr , 3_. p ^p^r ion nf 1 - ( 2 -m^hv} PlWlY l ) ~2 - f 4 - 

ImaSfcyj s d I fnnvi Phenyl 1 ethan^-1 « Z-dion e 

The title compound was obtained from l-methyl-2- 
[2- [4- (methylsulf onyl) phenyl ]ethylenyl] benzene (Step 2) 
(38.8 mmol, 10.5 g) , using the method of Example 64, 
step 3, and affording the desired dione as a yellow 
solid (3.50 mg, 28%) . 
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Step 4; Preparation of 5- f 2 -mpthvlnhenvn -4- [ 4- 

(methvlsulfonvl) ohenvll -2-ftrif lnnr omethvl) -1 H- 

The title compound was prepared from the dione in 
5 the previous step (11 mmol , 10.5 g) using the method of 
Example 59, step 5, except that the reaction was at 
reflux 6 hours. Purification consisted of 
chromatography (20:1 methylene chloride : ethyl acetate), 
followed by recrystallization from ethyl 
10 acetate/hexane, affording a white solid (299 mg, 39%) . 
mp (DSC) 180-190°C. Anal. Calc'd. for 

C 18 H 15 F 3 N 2 02S- (1/2 H 2 0) : C, 55.52; H, 4.14; N, 7.19. 
Found: C, 55.67; H, 3.89; N, 6.60. 

15 Example 68 




5- O-Chloroplienyl) -4- [4- (methylsulf onyl) phenyl] -2- 
2 0 (trif luoromethyl) -lH-imidazole 

Steo 1: Preparation ( 3 >chlorophenvl ) methy l - 
triohenvlphosohonium bromide 

The title compound was prepared from 3- 
2 5 chlorobenzyl chloride (100 mmol, 12.7 ml) by the method 
of Example 64, step 1, affording after three days of 
reflux the desired white solid (9.03 g, 20%) . 
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qtpn ?.: PrPnarafinn nf 1 -chl oro-3 - [ 2 - f 4 - 
fm^thvls in fnnvl Inhpnvl 1 ethvl envll benzene 

The title compound was prepared by method of 
Example 64, step 2. From 21 iranol phosphonium salt 
(8.92 g) was obtained 4.72 g (76%) of the title 
compound . 

SfPn 3: Prpnaraf inn nf 1 - n -chloronhenvl ) -2 - \ 4 - 
(niPt.hvlsn l f nnvl ) r^pnvl 1 ethane-1 . 2-dione 

The title compound was obtained from the product 
of step 2 (15.2 iranol, 4.44 g) , using the method of 
Example 64, step 3, and affording the desired dione as 
a yellow solid (2.90 g, 60%). 

.qren 4: Prmara tinn nf 5- (3 -chlnrnnhenvl ) -4- [ 4- 

(Tnp.rbvisu i fnnvl lohenvll -2- (trif luoromethvl) -1H- 
imi dazole 

The title compound was prepared from the dione in 
the previous step (9.0 mmol , 2.9 g) using the method of 
Example 59, step 5, except that the reaction was at 
reflux 6 hours. Purification consisted of 
chromatography (20:1 methylene chloride : ethyl acetate), 
followed by recrystallization twice from ethyl 
acetate/hexane, affording a white solid (730 mg, 20%) . 
mp (DSC) 224-226°C. Mass spectrum (EI, M/e) : 400. 
Anal. Calc'd. for C 17 H 12 C1F 3 N 2 0 2 S : C ' 50 - 94 '" H « 3.02; 
N, 6.99. Found: C, 50.81; H, 3.03; N, 6.84. 

Example 69 
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5- (Cyclohexyl) -4- [4- (methylsulf onyl) phenyl] -2- 
( tr if luoromethyl ) -1H- imidazole 

5 

Step 1; Preparation of 4-(met.hv1sn lfonvHhPn7v i 

alcohol 

4- (Methyl thio) benzyl alcohol (50 iranol, 7.71 g) was 
dissolved in methanol (150 ml) and cooled to 0°C. 

10 Oxone® (110 mmol, 67.6 g) in water (250 ml) was added. 
The stirred mixture was warmed to room temperature 
after 5 minutes. After 40 minutes, the mixture was 
diluted with water (250 ml), and extracted with 
methylene chloride (300 ml, then 2 X 100 ml). The 

15 combined organic layers were dried (MgS0 4 ), filtered 

through silica, and concentrated to afford the title 
compound (5.48 g, 58%) as a waxy solid. 

Step 2; Preparation of 4- (methvlsnlf om/1 inh envlmet.hv i 

2 0 triphenvlohosnhonium bromide 

Dimethyl sulfide (36 mmol, 2.64 ml) was added to a 
0°C suspension of recently recrystallized (water) N- 
bromosuccinimide (30 mmol, 5.37) in methylene chloride. 
After 3 minutes, the mixture was chilled to -3 0°C, and 
25 the alcohol from step 1 (20 mmol, 3.72 g) was added as 
a solid. After 10 minutes, the reaction was warmed to 
0°C. After 1.5 hours, the reaction was warmed to 
ambient temperature, and stirred an additional 2 hours. 
The reaction product was poured directly onto a column 

3 0 and was eluted with methylene chloride. Concentration 
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afforded the intermediate benzyl bromide as a white 
solid (4.55 g, 90%), which was diluted with toluene (30 
ml) and tetrahydrof uran (10ml). Triphenylphosphine 
(18.5 mmol, 4.85 g) was added, and the reaction was 
stirred 4 days at ambient temperature, then subjected 
to filtration to isolate the title compound (8.78, 85% 
overall), as a white solid. 

c r - r 3_; EEsaaraiiian ^ 1 -^rhvl snl fonvl-4- \2- 

The phosphonium salt from step 2 (5.18 mmol, 2.64 
g) was suspended in ethanol (10 ml) and cooled to 0°C . 
n-Butyllithium (1.6 M in hexane, 3.44 ml) was added 
over 5 minutes. After an additional 5 minutes, 
cyclohexanecarboxaldehyde (5.5 mmol, 0.67 ml) was 
introduced, and the reaction was heated to reflux. The 
reaction was cooled after 3 hours, concentrated, and 
subjected to chromatography (3:1 hexane/ethyl acetate). 
The title compound (1.73 g, -quant.) was obtained as a 
0 semi -solid mixture of olefin isomers (plus some 
triphenylphosphine oxide) . 

Ffap A- PrPnar^Hon of 1 - ( cvclohexvl ) ~2~ [ 4- 
lr h^i^nifnnv1 ^nbpnvllpt-hane-l .2-dione 
5 The title compound was obtained from the compound 

of step 3 (6.08 mmol, 1.61 g) , using the method of 
Example 64, step 3, and affording the desired dione as 
a yellow solid (1.05 g, 57%). 

0 p roration of 5-(cvr1ohexvl)-4-r4- 

fTT1 o^y1 snJ fonvl ^phpnvl 1 -2- f f ri f luoromfitfrv l ) zI H- 

imi fiazoie 

The title compound was prepared from the dione in 
the previous step (3.5 mmol, 1.02 g) using the method 
55 of Example 59, step 5, except that the reaction was at 
reflux 4 hours. Purification consisted of 



SUBSTITUTE SHEET (RULE 26) 



WO 96/03387 



PCT/US95/09505 



147 

chromatography (20:1 methylene chloride : ethyl acetate), 
followed by recrystallizat ion from ethyl acetate/hexane 
(X 2), affording a white solid {140 mg, 11%): mp (DSC ) 
250-253°C. Mass spectrum (El, M/e) : 372. Anal. 
Calc'd. for C 17 H 19 F 3 N 2 0 2 S : C, 54.84; H, 5.14; N, 

7.52. Found: C, 54.69; H, 5.12; N, 7.39. 
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Example 7 0 




5 4- [4- (Methylsulf onyDphenyl] -5- (2-thiophenyl) -2- 

( tr if luoromethyl ) - 1H- imidazole 

■^t-pp 1 - Pr pnaration of f4- 

(T^Pthvl sulfop vl inhCTvl 1 gthvlenvl 1 -2-thipphene 
10 The title compound was prepared by the method of 

Example 69, step 3. From 5.2 mmol (0.48 ml) of 
thiophene-2-carboxaldehyde, 0 . 67 g (49%) of the desired 
olefin was obtained as a yellow solid. 

15 ,gtpn 2: Prpnaration of 1 - 1 4 - (methvlSH 1 f onvl ) phenyl 1 - 2 - 
(^-thiopb pnvl lethane-1 , 2-dione 

The olefin from the previous step (2.5 mmol, 0.67 
g) was transformed by the method of Example 64, step 3 
into the title compound, a yellow semisolid (357 mg, 

20 44%) . 

g^grj 3; Preparation of 4- [ 4 - (methvlsulf onvl ) Phenyl 1 -5- 
(?-i-h-ionhenvl \ -?- (tr r i f luoromethyl ) -lH-imidazoj e 

The dione (1.1 mmol, 325 mg) was converted to 
2 5 final product by the method of Example 59, step 5, 
affording, after ethyl acetate/hexane 

recrystallization, a tan solid (78 mg) : mp (DSC)= 95- 
97°C Mass spectrum (EI, M/e) : 372. Anal. Calc'd. 
for C 15 H 11 F3N202S 2 : C, 48.38; H, 2.98; N, 7.52. 

30 Found: C, 48.30; H, 2.99; N, 7.02. 
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Example 71 




5 

5-<4-Chloro-3-methylphenyl) -4- [4- 
(methylsulf onyl) phenyl] -2- (trif luoromethyl) -1H- 

imidazole 



10 Step 1; Preparation of 4- (methvlsulf onvll nh envlm^fhv l 

triohenvlohosnhoni um chloridp 

4- (Methylsulfonyl) benzyl chloride (Transworld 
Chemical) (121 mmol, 24.7 g) and triphenylphosphine 
(13 0 mmol, 34.1 g) were heated at reflux in toluene 
15 (12 5 ml) with stirring for 56 hours. The reaction was 
cooled, and the title compound was collect by 
filtration (48.0 g, 85%). 

Step 2; Preparation of 4-chloro-3 -methvlbenzaldehvd P 

2 0 4-Chloro-3-methylbenzoic acid, methyl ester 

(Lancaster) (29 mmol, 5.40 g) was dissolved in 
methylene chloride (30 ml) and cooled to 0°C. 
Diisobutylaluminum hydride (1 M in toluene, 64 ml) was 
added slowly (over ca . 10 minutes). One hour after 
2 5 complete addition, the reaction was quenched with 
methanol (64 ml), then poured into ether (500 ml). 
This mixture was stirred at room temperature 1 hour, 
filtered through silica gel and Celite®, eluting with 
addition ether. Concentration afforded 4-chloro-3- 
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me 



thylbenzyl alcohol (23 mmol , 3.53 g) as a solid, 
which was diluted with methylene chloride (46 ml), 
combined with Celite® (3.5 g) and MgS0 4 (1.5 g) , and 
cooled to 0°C. Pyridinium chlorochromate (45 mmol, 
9.67 g) was added over 2-3 minutes. In 1 hour's time, 
the reaction mixture was filtered through silica and 
concentrated to afford 4-chloro-3-methylbenzaldehyde as 
a waxy solid (2.10 g, 47% overall), which was used in 
the next step. 

Sfc3B ^ E rjsBarafcian o£ 3 -chlgm-? -methyl -4- \2- f 4- 
itnpt-hvisu i fnwi ^nhenvnethvlpnvl 1 benzene 

The aldehyde from step 2 (11 mmol, 1.69 g) was 
reacted with the phosphonium chloride from step 1, 
under the reaction conditions established in Example 
69, step 3, affording the title compound as a solid 
(3.09 g, -quant.), which was used in the next step. 

Stsc a-, p r^r^ion of 1 - ( 4 -ch] oro-3 -methyl phenyl ) - 2 - 
f 4- (mPth y i Qnifnnv] ) nh^nvl 1 erhfmg-1 ,2-flion e 

The title compound was obtained from the product 
of step 3 (10 mmol, 3.1 g) , using the method of 
Example 64, step 3, and affording the desired dione as 
a yellow solid (0.63 g, 19%) . 

qrpn 5 . prpnaraHon of 5 - ( 4 -rhloro-3 -methyl PhenV 1 ) - 4 - 

r d- (methyl s_u] fnnvi ir^ 1 1 -2 - < trif luoromethvl ) -1 H- 
imi ^zoie 

The title compound was prepared from the dione in 
the previous step (1.86 mmol, 625 mg) using the method 
of Example 59, step 5, except that the reaction was at 
reflux 6 hours. Purification consisted of 
chromatography (20:1 methylene chloride : ethyl acetate), 
followed by recrystallization twice from ethyl 
acetate/hexane, affording a white solid (344 mg , 45%): 
mp (DSC)= 261-264°C. Anal. Calc'd. for C 18 H 14 C1F 3 N 2 0 2 S : 
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C, 52.12; H, 3.40; N, 6.75. Found: C, 52.50; H, 
3.46; N, 6.33. 

Example 72 




5- (4-Cycloheptyl) -4- [4- (methylsulf onyl) phenyl] -2- 
( trif luoromethyl ) -1H- imidazole 

10 

g teP Preparation of pvclohsnt anerarhnyaldehvrf p 

Cycloheptanemethanol (2 0 mmol, 2.56 g) was 
combined with methylene chloride (40 ml), Celite® (2.56 
g) , and MgS0 4 (0.5 g) . Pyridinium chlorochr ornate (30 
15 mmol, 6.47 g) was added. After 2.5 hours, the mixture 
was filtered through silica and concentrated, affording 
the title compound as an oil (2.33 g, 91%). 

Step 2 ; Preparation of 1 -methyl sul f onvl -4 - r 3 - 

20 CVCloheptvler.hvI.envl IHpiitpop 

The aldehyde from step 1 (5 mmol, 1.34 g) was 
reacted with the phosphonium chloride from Example 71, 
step 1, under the reaction conditions established in 
Example 69, step 3, affording the title compound as a 

25 solid (1.34 g, -quant.), which was used in the next 
step . 

Step 3; Preparation of 1 - ( cvrl nheotvl } -2 - r 4- 

( methyl sul f onvl) nhPnvll etha ne-1 . ?-rH nn P 
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The title compound was obtained from the compound 
of step 2 (5.0 mmol, 1.34 g) , using the method of 
Example 64, step 3, and affording the desired dxone as 
a yellow semi-solid (1.34 g, 87%). 

c ro p A- P r - r n ™Mnn of S-(4-rVClnn^rtVl)-4-f 4- 

I rca; f ^ nvl ) 1 1 - 2 - <rri f 1 norrnnethv l ) =1 H=. 
i mi Ha7 ° le 

The title compound was prepared from the dione in 
the previous step (4.35 mmol, 1.34 g) using the method 
of Example 59, step 5, except that the reaction was at 
reflux 6 hours. Purification consisted of 
chromatography (20:1 methylene chloride : ethyl acetate), 
followed by recrystallization twice from ethyl 
acetate/hexane, affording a white solid (368 mg, 22%): 
mp (DSC)= 206-207°C. Anal. Calc'd. for C 18 H 21 F 3 N 2 0 2 S : 
C, 55.95; H, 5.48; N, 7.25. Found: C, 55.83; H, 
5.37; N, 7.16. 

Example 73 




5- (3-chloro-4-methylpnenyl) -4- [4- 
(methylsulf onyl) phenyl] -2- (trif luoromethyl) -1H- 

imldazole 
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3 -Chloro-4-methylbenzonitrile (12 mmol, 1.82 g) 
was dissolved in methylene chloride (12 ml) and cooled 
to 0°C. Diisobutylaluminum hydride ( 1 M in toluene, 13 
ml) was added over several minutes, and the ice bath 
5 was removed. After 2.5 hours, the reaction was 

quenched at 0°C with acetaldehyde (4 ml), then after 5 
minutes, poured into ice-cold 5% HC1 (100 ml) . The 
product was extracted using methylene chloride (150 ml) 
and the organic layer was dried using magnesium 
10 sulfate. Filtration through silica, followed by 
concentration afforded the title compound, an oil 
(1.61, 88%), which was used in the next step. 

Step 2 ; Preparation of l-chloro- 2 -methvl -5- f2- F 4- 

15 (methvlsulf onvl ) phenyl 1 ethvlenvl 1 benzene 

The aldehyde from step 1 (10 mmol, 1.61 g) was 
reacted with the phosphonium chloride from Example 71, 
step 1, under the reaction conditions established in 
Example 69, step 3, affording the title compound as a 
20 solid (2.70 g, 88%.), which was used in the next step. 

Step 3 ; Preparation of 1- (3-chloro-4-mg thvlnhenvl ) - 2- 

f 4- (methvlsulf onvl ) phenyl 1 ethane- 1 . 2-diong 

The title compound was obtained from the compound 
25 of step 2 (8.8 mmol, 2.7 g) , using the method of 

Example 64, step 3, and affording the desired dione as 
a yellow solid (1.90 g, 64%). 

Step 4; Preparation of 5- ( 3 -chloro-4-me thvlphenvl ) - 4- 

3 0 f4- (methvlsulf onvl )phenvl1 -2- ( trif luoromethyl ) -1H- 

The title compound was prepared from the dione in 
the previous step (5.6 mmol, 1.9 0 g) using the method 
of Example 59, step 5, except that the reaction was at 
35 reflux 6 hours. Purification consisted of 

chromatography (20:1 methylene chloride : ethyl acetate), 
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followed by recrystallization twice from 
acetone/hexane, affording a white solid (359 mg, 15%) : 
mp (DSC)= 273-275°C. Mass spectrum (EI, M/e): 414. 
Anal. Calc'd. for C 18 H 14 C1F 3 N 2 02S : C, 52.12; H ( 3.40; 

N, 6.75. Found: C, 52.32; H, 3.36; N, 6.65. 

Example 74 




5- (4-Fluoro-3-metkylphenyl) -4- [4- 
(methylsulf onyl) phenyl] -2- ( trif luoromethyl) -1H- 

imidazole 

St.fin 1: Preparation of 4-f luorn-3 -methvl benzaldehvde 

5-Bromo-2-f luoro-toluene (26 mmol, 5.0 g) was 
dissolved in tetrahydrof uran (25 ml) and cooled to 
-78°C. t-Butyllithium (1.7 M in pentane, 31 ml) was 
added over 10 minutes. After 30 minutes, N,N- 
dimethylformamide (2.1 ml) was added. The reaction 
mixture was warmed to ambient over 3 0 minutes and 6% 
HC1 (100 ml) was added with vigorous swirling. The 
mixture was extracted with ethyl acetate (200 ml) . The 
organic layer was dried over MgS0 4 , then concentrated 

affording the title compound as an oil (3.6 g, 
-quant . ) . 

flf.fin 2: PrRnar at-.ion of 1 - f luoro-2 -methvl -4 - [ 2 - [ 4^ 
(mPthvlsnl fnnvDp hPnvllethvl envl 1 benzene 
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The aldehyde from step 1 (10 iranol , 1.5 g) was 
reacted with the phosphonium chloride from Example 71, 
step 1, under the reaction conditions established in 
Example 69, step 3, affording the title compound as a 
solid (2.98 g, -quant.), which was used in the next 
step . 

Step 3; Preparation of 1- ( 4-f lunro-2-mpf.h vlphenvl 1- 2- 

T4- (methvlsulf onvl ) phenyl! ethane- 1 , 2-dion P 

The title compound was obtained from the compound 
of step 2 (10 mmol, 2.98 g) , using the method of 
Example 64, step 3, and affording the desired dione as 
a yellow solid (2.2 g, 69%). 

Step 4; Preparation of 5- (3-f hm ro-2-m^hviphenvl ) - 4- 

f4- (methvlsulfonvl) Phenyl 1 -2- (tri f luoromPthvl } -i w- 

imidazole 

The title compound was prepared from the dione in 
the previous step (6.9 mmol, 2.2 g) using the method of 
Example 59, step 5, except that the reaction was at 
reflux 6 hours. Purification consisted of 
chromatography (20:1 methylene chloride : ethyl acetate), 
followed by recrystallization twice from 
acetone/hexane, affording a white solid (204 mg, 7%) : 
Anal. Calc'd. for C 18 H 14 F 4 N20 2 S: C, 54.27; H, 3.54; 

N, 7.03. Found: C, 54.33; H, 3.49; N, 6.39. 



Example 75 
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10 



5- (Cyclopentyl) -4- [4- (methylsulf onyl ) phenyl] -2- 
(trif luorometnyl > -1H- imidazole 

^tpn 1: prppnrat.j nn of rvr 1 onentaneca rj2S2a Idehvde 

Cyclopentanemethanol (40 mmol, 4.3 g) was combined 
with methylene chloride (60 ml), Celite® (4.3 g) , and 
MgS0 4 (1 g) - Pyridinium chlorochromate (60 mmol, 12.9 

g) was added. After 2.5 hours, the mixture was 
filtered through silica and concentrated, affording the 
title compound as a volatile oil (1.7 g, 44%). 



p r op ?■ Prm?r,Hnn of 1 -methv.l P11 1 f OHV l ~4 = f 2 - 
^Y^-i nppntvlp t-hvl pnvl 1 benzene 

15 The aldehyde from step 1 (-20 mmol, excess) was 

reacted with the phosphonium chloride from Example 71, 
step 1 (12 mmol, 5.59 g) , under the reaction conditions 
established in Example 69, step 3, affording the title 
compound as a solid (3.28 g, -quant.), which was used 

2 0 in the next step. 

c^op 3_. PrP.npr.finn of 1 - ( CVClOPPTItVl ) =2 = f 4 - 
^pfhyl milfr myl Phenyl 1 *=>1-hane-l . 2-dione 

The title compound was obtained from the compound 
25 of step 2 (12 mmol, 3.28 g) , using the method of 

Example 64, step 3, and affording the desired dione as 
a yellow semi-solid (1.05 g, 31%). 

pi- op A • Prena r^Hnn of 5 - ( cvclopenfvl ) -4 Z [ 4- 

3 0 i^hvisui fnnvi ^nhenvll-2-(trif1uoromerhyl) -1 H- 

•imS riazole 

The title compound was prepared from the dione in 
the previous step (3.7 mmol, 1.05 g) using the method 
of Example 59, step 5, except that the reaction was at 
35 reflux 4 hours. Purification consisted of 

chromatography (20:1 methylene chloride : ethyl acetate), 
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followed by recrystallization from ethyl 
acetate/hexane, then acetone/hexane, affording a white 
solid (501 mg, 38%): mp (BSC) = 210-212°C. Anal. 
Calc'd. for C 16 H 17 F 3 N 2 0 2 S: C, 53.62; H, 4.78; N, 

7.82. Found: C, 53.43; H, 4.63; N, 7.67. 
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Example 7 6 




4- [4- (Methylsulf onyl) phenyl] -5- (3-thiophenyl) -2- 
(trif luoromethyl) -lH-imidazole 

Ft-^p 1; prpnarat-ion of [4- 

fn^ry^i smi i anttJ ) nhPnvi l pthvlenvl 1 -3-f hiophen e 

The title compound was prepared by the method of 
Example 69, step 3 using the phosphonium chloride from 
Example 71, step 1. From 10.5 mmol (0.92 ml) of 
thiophene-3-carboxaldehyde, 2.64 g (-quant) of the 
desired olefin was obtained as a solid. 

g ^ p ? . P r „ r nT - a Mr,n nf i - [ 4- (methyl aa3 f onv J ) Phenyl! - 2 - 

f whio-r h^V 1 ,?,-diQne 

The olefin from the previous step (10 mmol, 2.64 
g) was transformed by the method of Example 64, step 3 
into the title compound, a yellow semisolid (1.25g, 
42%) . 

3_. Pror ,r^io n q£ ^-fA-fTnprhvlsulfQTivl )Phenvl1- 5- 

n-fhinn^rV 1 ) dLzlt X i f Hinrnmethvl ) -1 H- j mi dflZOl e 

The dione (4.25 mmol, 1.25 g) was converted to 
final product by the method of Example 59, step 5, 
affording, after recrystallization twice from 
acetone /hexane, 408 mg (26%). mp (DSC)- 230-232°C. 
Mass spectrum (EI, M/e) : 372. Anal. Calc'd. for 
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C 15 H 11 F 3 N 2°2 S 2 : c ' 48.38; H, 2.98; N, 7.52. Found: 
C, 48.49; H, 2.93; N, 7.34. 

Example 77 




5- ( 3-Fluoro-2-methylphenyl ) -4- [4- 
(methylsulf onyl) phenyl] -2- ( trif luoromethyl ) -1H- 
1 0 imidazole 

Step 1; Preparation of ^-f luorn-3 -methvl -3- r?- \ A- 

(methvlSUl f onvl ) phenyl 1 ef.hvl P nvl 1 hPn7Pn P 

The 3-f luoro-2-methylbenzaldehyde (10 mmol, 1.2 g) 
15 was reacted with the phosphonium chloride from Example 
71, step 1, under the reaction conditions established 
in Example 69, step 3, affording the title compound as 
a solid (2.9 g, -quant.), which was used in the next 
step . 

20 

Step 2; Preparation of 1 - (3-f liioro-? -methyl nhem/i ) 

14- (methvlsulfonvl Inhsnvl lerh ane-1 . 2-rHnn g 

The title compound was obtained from the compound 
of step 2 (10 mmol, 2.9 g) , using the method of 
25 Example 64, step 3, and affording the desired dione as 
a yellow solid (1.9 g, 59%). 
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ct-op 2j PrPP^rafinn nf 5 - ( 2 - f 1 uorn- 2 -methvlohenvl ) ~ 4 - 

[4- (m^i-hyi sui f nnvi mhenv] 1 -2- (tri f luorornethyl ) -3- H- 
imi dflzole 

The title compound was prepared from the dione in 
5 the previous step (6.9 mmol, 2.2 g) using the method of 
Example 59, step 5, except that the reaction was at 
reflux 6 hours. Purification consisted of 
chromatography (20:1 methylene chloride : ethyl acetate), 
followed by recrystallization twice from 
10 acetone/hexane, which gave a white solid (184 mg, 6%) . 
mp (DSC) 192-196°C. Anal. Calc'd. for C 18 H 14 F4N20 2 S : 

C, 54.27; H, 3.54; N, 7.03. Found: C, 54.23; H, 
3.18; N, 6.7 6'-. 

15 Example 7 8 




5- (4-Ch.loro-3-methoxyph.enyl ) -4- [4- 
2 0 (methylsulf onyl) phenyl] -2- ( trif luoromethyl ) -1H- 

imidazole 

St-pn 1: Prpnaration nf 2-chloro-5-methvlanisole 

2-Chloro-5-methylphenol (50 mmol, 7.13 g) , NaOH 
25 pellets (60 mmol, 2.4 g) , and methanol (50 ml) were 
stirred together until a homogeneous solution was 
obtained. The flask was cooled to 0°C, and methyl 
iodide (60 mmol, 3.77 ml) was added. The reaction was 
warmed over 2 hours to ambient and stirred for 16 
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hours. Reaction was still incomplete by thin layer 
chromatography; additional NaOH (-300 mg) and CH3I (~5 

ml) was introduced, and stirring continued for another 
24 hours. TLC again indicated incomplete conversion, 
so additional time and reagents were again applied. 
The mixture was at length concentrated, diluted with 
water (50 ml), and extracted with methylene chloride (2 
X 2 5 ml) . The combined organic layer was dried 
(MgS0 4 ), filtered through silica, and concentrated to 
afford the title compound as an oil (5.09 g, 65%). 

step 2; — Preparation (4-chinrn-v mP hh OXVT ,hPnvi im^y -i- 
triphenvlphosnhoniiim hmmi ^ 

The compound from step 1 (33 mmol , 5.1 g) was 
combined with N-bromosuccinimide (33 mmol, 5.1 g) and 
benzoyl peroxide (1 mmol, 240 mg) in CC1 4 (40 ml) and 

heated for 3 hours at reflux. The mixture was diluted 
with additional CC1 4 (-60 ml), filtered trough Celite®, 

and washed with sodium bisulfite solution (1 g/10 ml 
water). The organic layer was dried (MgS0 4 ), 

concentrated, and azeotroped with toluene (-20 ml) . 
The residue was dissolved in toluene (50 ml) and 
triphenylphosphine (32 mmol, 8.54 g) was added. After 
3 days, the product was collected by filtration (1.95 
g, 12%) . 

ste P 3; Preparation of l-rhlnm-^-mP t hoxv-4-r^r i- 

(methvlsulfonvl Inhenvl 1 Pt h vl lhp n70n o 

The title compound was prepared by method of 
Example 64, step 2. From 5.5 mmol phosphonium salt 
(2.7 g) was obtained 1.40 g (80%) of the title 
compound . 

Step 4; Preparation of 1 - (4-^hi nrn -3-m P thnYy D hsnvl ) 

f4- (methvlsulf onvl )nhenv1 ,l et.hanp-l , 2-di nn p 
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The title compound was obtained from the compound 
of step 3 (4.33 mmol , 1.39 g) , using the method of 
Example 64, step 3, and affording the desired dione as 
a yellow solid (580 mg, 38%) . 

5 

pt^p Preparation o f 5 - ( 4 -chloro-3 -methoxyphenvl ) -4 - 

\A- fmPthvlsul fonvDphpnvl 1 -2 - ( tri f luoromethvl ) -1H- 

imidazole 

The title compound was prepared from the dione in 
10 the previous step (1.65 mmol, 580 mg) using the method 
of Example 59, step 5, except that the reaction was at 
reflux for 5 hours. Purification, which consisted of 
chromatography (20:1 methylene chloride : ethyl acetate), 
followed by recrystallization twice from ethyl 
15 acetate/hexane, afforded a white solid (84 mg, 12%) . 
Mass spectrum (EI, M/e) : 430. mp (DSC)= 233-234°C. 
Anal. Calc'd. f or C 18 H 14 C1F 3 N20 3 S : C, 50.18; H, 3.28; 

N, 6.50. Found: C, 50.33; H, 3.63; N, 5.76. 

20 Example 7 9 




5- (4-Fluorophenyl) -2- (methoxymethyl ) -4- [4- 
2 5 (metkylsulf onyl) -phenyl] -lH-imidazole 
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Step 1: Preparation of 1 - ( 1 -ethoxvethvl ) -4 - ( A - 
fluorQPhenyl) -5- T4- (methvlthi o) phenyl 1 -lH-imiria^ol r 2- 
yJJ -lH-imidazole-2-methanol 

A solution of 5- (4-f luorophenyl ) -4- (4- 
5 methylthiophenyl) -1- ( 1 -methyl -1-ethoxymethyl ) -1H- 

imidazole (Example 9, step 2) (4.19 g; 11.75 mmol) and 
tetramethyl ethylene diamine (TMEDA) (4.1 g mg; 13.39 
mmol) in tetrahydrof uran (30 mL) was cooled to -70°C 
under an argon atmosphere. n-Butyllithium (5.1 mL, 1.6 
10 M in hexane, 12.9 mmol) was added and the solution was 
stirred at -78°C for 15 minutes. Dimethyl formamide 
(859 mg; 0.90 mL) was added and the solution was warmed 
to 0°C. The reaction was quenched by the addition of a 
saturated NaHC03 solution and extracted with diethyl 
15 ether. The organic extracts were dried (MgS04) / 

filtered and concentrated in vacuo. The crude compound 
was redissolved in 23.5 ml of methanol and to this 
solution was added sodium borohydride (789.6 mg; 23.4 
mmol) . After stirring for 1 hour at 25°C, the reaction 
2 0 was quenched with a 1% aqueous hydrochloric acid 

solution till evidence of gas evolution ceased. The 
solution was extracted with methylene chloride, dried 
(MgS04), filtered and concentrated in vacuo. The 
residue was purified by chromatography (Si02; ethyl 
25 acetate/hexane) to yield ca. 4 g of the desired 
compound. 

Step 2: Preparation of 5- ( 4-f luornnhfinvl I -3 - 
(methQxvmenhvl) -4- \4- (methvlsulf onvl ) -phenyl 1 -1 H- 
30 jnuflciZgle 

To a solution of 1- ( 1-ethoxyethyl ) -4- ( 4- 
f luorophenyl) -5- [4- (methylthio) phenyl ] -lH-imidazol-2 - 
yl] -lH-imidazole-2-methanol (Step 1) (549.3 mg; 1.42 
mmol) in 5.6 ml of THF, at 2 5°C / was added 34.0 mg 
35 (1.42 mmol) of dry sodium hydride. After all the 

solids were dissolved, 88 £ of methyl iodide (201.55 
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g ; 1.42 mmol) was added. After stirring at 25°C for 
two hours, the reaction was diluted with 2 5 ml of ether 
and this solution was washed with 25 ml of water. The 
organic extracts were dried (MgS04), evaporated to 
5 dryness under reduced pressure, and purified with flash 
chromatography (Si02; 90/10 toluene/methanol ) to give 
334 mg of material containing the desired product. This 
material was dissolved in 16 ml of methanol/THF 

(1.6:1). Oxone® (900 mg) was dissolved in 4 ml of 
10 water and added to this solution all at once. After 

stirring the reaction at 2 5°C for 2 hours, the reaction 
was poured into water and extracted with methylene 

chloride. The organic extracts were dried (MgS04) and 

evaporated under reduced pressure to give a white 
15 solid. Purification by preparative thin layer 

chromatography (Si02; 90/10 toluene/ethyl acetate) gave 

3 3 mg of the desired sulfone: mp 169 °C . Anal. 

Calc'd. for CI8H17FN2O3S : C, 59.99; H, 4.75; N 7.77. 

Found: C, 59.47; H, 4.66; N, 7.32. 



A- (4-Fluorophenyl) -5- [4- (methylsulf onyl) phenyl] -2- [ (2- 
propenyloxy) methyl] -1H- imidazole 



20 



Example 80 




F. 
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To a solution of 1- ( 1-ethoxyethyl ) -4- ( 4- 
fluorophenyl) -5- [4- (methylthio ) phenyl ] -lH-imidazol-2 - 
yl] -lH-imidazole-2 -methanol (Example 79, Step 1) (200 
mg; 0.52 mmol) in 2 ml of DMF , at 2 5°C, was added 2 0.0 
mg (0.52 mmol) of sodium hydride (60% mineral oil 
dispersion) . After stirring at 25°C for 15-20 minutes, 
44 nl of allyl bromide (62.9 mg; 0.52 mmol) was added. 
After stirring at 2 5°C for 2 hours, the reaction was 
diluted with 40 ml of ethyl acetate and washed with 3 
x 30 ml of brine. The organic extracts were dried 
(MgS04), and evaporated to dryness under reduced 
pressure to provide 184 mg of a oil, which was purified 
by flash chromatography (Si02; 25% ethyl 
acetate/toluene) to give 96 mg of the desired 
intermediate. This material was dissolved in 8 ml of 
methanol/THF (1.6:1). Oxone® (450 mg) was dissolved in 
2 ml of water and added to this solution all at once. 
After stirring the reaction at 25°C for 1.5 hours, the 
reaction was poured into 50 ml of methylene chloride 
and extracted with 2 x 50 ml of water. The organic 
extracts were dried (MgS04) and evaporated under 
reduced pressure to give 82.5 mg of a white solid which 
was further purified by preparative thin layer 
chromatography (Si02; 75/25 ethyl acetate/toluene) to 
give 56.4 mg of the desired sulfone: Anal. Calc'd. for 
C2OH19FN2O3S+O .5 mol H2O: C, 60.75; H, 5.10; N 7.08; 
S, 8.11. Found: C, 60.53; H, 4.83; N, 6.93; S, 8.11. 

Example 81 
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2- (Ethoxymethyl) -4- (4-f luorophenyl) -5- [4- 
(methylsulf onyl ) phenyl ] - 1H- imidazole 

5 

To a solution of 1- ( 1-ethoxyethyl) -4- (4- 
f luorophenyl) -5- [4- (methylthio) phenyl] -lH-imidazol-2- 
yl] -lH-imidazole-2-methanol (Example 79, Step 1) 200 
mg; 0.52 mmol) in 2 ml of DMF, at 25°C, was added 20.0 
10 mg (0.52 mmol) of sodium hydride (60% mineral oil 

dispersion). After stirring at 25°C for 15-20 minutes, 
41 nl of ethyl iodide (81.0 mg; 0.52 mmol) was added. 
After stirring at 25°C for 22 hours, the reaction was 
diluted with 40 ml of ethyl acetate and washed with 3 x 
15 30 ml of brine. The organic extracts were dried 
(MgS04), and evaporated to dryness under reduced 
pressure to provide 151 mg of a orange oil, which was 
purified by flash chromatography (Si02; 25% ethyl 
acetate/toluene) to give 40.6 mg of the desired 
20 intermediate. This material was dissolved in 8 ml of 

methanol/THF (1.6:1). Oxone® (450 mg) was dissolved in 
2 ml of water and added to this solution all at once. 
After stirring the reaction at 25°C for 1.5 hours, the 
reaction was poured into water and extracted with 
25 methylene chloride. The organic extracts were dried 
(MgS0 4 ) and evaporated under reduced pressure to give 
38 mg of a white solid which was purified by 
preparative thin layer chromatography (Si02; 75/25 
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ethyl acetate/toluene) to give 21.0 mg of the desired 
sulfone: HRMS , m/e Calc'd. for C19H19N2O3SF : 
374.1100; measured: 374.1125. 



4- (4-Fluorophenyl) -5- [4- (methylsulf onyl) phenyl] -2- 
( phenyl -me thoxymethyl ) -1H- imidazole 

To a solution of 1- ( 1-ethoxyethyl ) -4- (4- 
fluorophenyl) -5- [4- (methylthio) phenyl] -lH-imidazol-2- 
yl] -lH-imidazole-2 -methanol (Example 79, Step 1) (220 
mg; 0.56 mmol ) in 2.2 ml of THF, at 25°C, was added 
13.4 mg (0.56 mmol) of dry sodium hydride. After 
stirring at 25°C for 15 minutes, 66 jl of benzylbromide 
(95.7 mg; 0.56 mmol) was added. After stirring at 25°C 
for 24 hours, the reaction was diluted with ether and 
washed with water. The organic extracts were dried 
(MgS04) , and evaporated to dryness under reduced 
pressure to provide 234 mg of material, which was 
purified by flash chromatography (Si02; 25% ethyl 
acetate/toluene) to give 90 mg of material containing 
the desired intermediate. This material was dissolved 
in 8 ml of methanol/THF (1.6:1). Oxone® (450 mg) was 
dissolved in 2 ml of water and added to this solution 
all at once. After stirring the reaction at 25°C for 2 



Example 



82 
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hours, the reaction was poured into water and 
extracted with methylene chloride. The organic 
extracts were dried (MgS04) and evaporated under 
reduced pressure to give 67 mg of a white solid which 
was further purified by preparative thin layer 
chromatography <Si0 2 ; 50% ethyl acetate/toluene) to 
give 48 mg of the desired sulfone: Anal. Calc'd. for 
C24H2lFN 2 O 3 S+0.5 H 2 0: C. 64.70; H, 4.98; N 6.29. 
Found: C, 64.75; H, 4.36; N, 6.00. 
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Example 83 



F. 




X 



5 

1- [4- (4-Fluorophenyl) -5- [4- (methylsulf onyl) phenyl] -1H- 

imidazol -2 -yl ] ethanone 



10 f luorophenyl) -5- [4- (methyl -thio) phenyl ] -lH-imidazole 
(Example 9, Step 2) (206 mg; 0.53 mmol) and 
tetramethylethylenediamine (TMEDA) (324 mg; 1.65 mmol) 
in 3.0 ml of THF at -78°C was added 0.28 ml of a 2.5 M 
solution of n-butyllithium in hexanes . After stirring 

15 for 15 minutes, 66 |1 of N, N-dimethylacetamide (62.7 
mg; 0.72 mmol) was added. After 3 0 minutes, the 
solution was slowly warmed to 25°C, 2 ml of an aqueous 
solution of sodium bicarbonate was added, followed by 
dilution with 50 ml of diethyl ether. The solution 

2 0 was washed with 50 ml of a saturated solution of sodium 
bicarbonate and the organic extracts were dried (MgS04) 
and filtered. The solvent was removed under reduced 
pressure to give 23 0 mg of a yellow oil, which was 
purified by flash chromatography (Si02; 25% ethyl 

25 acetate/hexane) to yield 86 mg of slightly yellow oil 
(37%) . This material was dissolved in 8 ml of 
methanol/THF (1.6:1). Oxone® (450 mg) was dissolved in 
2 ml of water and this solution was added all at once. 



To a solution of 1- ( 1-ethoxyethyl ) -4- (4- 
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After stirring the reaction at 25°C for 2 hours, the 
reaction was poured into water and extracted with 
methylene chloride. The organic extracts were dried 
(MgS04) and evaporated under reduced pressure to give a 
white solid which was purified by preparative thin- 
layer chromatography (Si0 2 ; 75% ethyl acetate/ toluene) 
to give 56 mg of the desired sulfone: mp 215-217°C. 
Anal. Calc'd. for C18H15FN2O3S : C, 60.32; H, 4.22; N 
7.82. Found: C, 60.09; H, 4.00; N, 7.76. 

Example 84 




2 - ( 2 -Bromophenyl ) - 1 - [4- ( 4 - f luor opheny 1 ) - 5 - [4- 
(methylsulf onyl ) phenyl] -lH-imidazol-2-yl] ethanone 

^pti 1: Prpnara^ nn of 2 -hromo-N-methOXV-N- 

Trprhv1hen7PnP acet.amide 

To 2 g of 2-bromophenylacetic acid (9.3 mmol) , in 
3 3 ml of methylene chloride at 0°C, was added N,0- 
dimethylhydroxylamine hydrochloride (906.7 mg; 10.23 
mmol), 4.26 ml of triethylamine (3.09 g; 30.6 mmol) and 
2-chloromethylpyridinium iodide (2.6 g; 10.23 mmol). 
After stirring at 25°C for 12 hours, the reaction 
mixture was poured into 2 50 ml of methylene chloride, 
then this solution was extracted with 150 ml of IN 
hydrochloric acid, 150 ml saturated, aqueous solution 
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of sodium bicarbonate, and 150 ml of brine. The 
organic extracts were dried (MgSC>4), filtered and 
evaporated under reduced pressure to give 1.98 g of a 
light pink oil, which was purified by flash 
chromatography (Si02; 2 5% ethyl acetate/ hexane) to 
give 849 mg of 2 -bromo-N-methoxy-N-methylbenzene 
acetamide as an oil: Anal. Calc'd. for CioHi2BrN02: 
C, 46.53; H, 4.69; N 5.43; Br 30.96. Found: C, 46.45; 
H, 4.71; N, 5.34; Br, 30.66. 

Step 2; Preparation of 2- (2-hrn m ophenvl ) -1- f4- M - 

£ luorophenvl ) -5- T4- fmethvl miifonvi ) yhs n xl ] -ih-i^ = 

2-y11 ethanonfi 

To a solution of 1- ( 1-ethoxyethyl ) -4- (4- 
fluorophenyl) -5- [4- (methyl-thio) phenyl ] -lH-imidazole 
(Example 83 Step 1) (658.9 mg; 1.70 mmol ) and TMEDA 
(63 9 mg; 5.4 mmol) in 10 ml of THF at -78°C was added 
0.91 ml of a 2.5 M n-butyllithium in hexanes . After 
stirring for 15 minutes, a solution of 2-bromo-N- 
methoxy-N-methylbenzene acetamide (step 1) (562.2 g; 
2.29 mmol) in 1 ml of THF was added. The solution was 
warmed to 2 5°C over 1 hour. The reaction was diluted 
with diethyl ether and washed with a saturated, 
aqueous, solution of sodium bicarbonate. The organic 
extracts were dried (MgS04), filtered and evaporated 
under reduced pressure to give a yellow oil, which was 
purified by flash chromatography (SiC>2; 50% ethyl 
acetate/hexane) to give 56 mg of a white foam. The 
foam (56 mg) was dissolved in 8 ml of methanol /THF 
(1.6:1). Oxone® (450 mg) was dissolved in 2 ml of 
water and this solution was added all at once. After 
stirring the reaction at 25°C for 1.5 hours, the 
reaction was poured into water and extracted with 
methylene chloride. The organic extracts were dried 
(MgS04) and evaporated under reduced pressure to give a 
white solid which was purified by preparative thin 
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layer chromatography (Si02; 75% ethyl acetate/toluene) 
to give 38 mg of the desired sulfone: Anal. Calc'd. 
for C24Hl8FN 2 0 3 SBr: C, 56.15; H, 3.53; N 5.46, Br, 
15.56. Found: C, 56.23; H, 3.17; N, 5.26; Br, 15.74. 

Example 8 5 




10 l- (4- (4-Fluorophenyl) -5- [ 4 -methylsulf onyl) phenyl] -1H- 
imidazol -2-yl] -3 -phenyl - 1 -propanone 

c^ p i . PrPnarafinn of N-fflfftTlOXY-N - 

15 To i.39 g of dihydrocinnamic acid (9.3 mmol ) , in 

33 ml of methylene chloride at 0°C, was added N,0- 
dimethylhydroxylamine hydrochloride (906.7 mg ; 10.23 
mmol), 4.26 ml of triethylamine (3.09 g; 30.6 mmol) and 
2-chloromethylpyridinium iodide (2.6 g; 10.23 mmol). 
After stirring at 25°C for 12 hours, the reaction 
mixture was poured into 250 ml of methylene chloride, 
then this solution was extracted with 150 ml of IN 
hydrochloric acid, ml saturated, aqueous, solution of 
sodium bicarbonate with added sodium thiosulfate and 
150 ml of brine. The organic extracts were dried 
(MgS0 4 ), filtered and evaporated under reduced pressure 
to give 1.3208 g of a light yellow oil, which was 
purified by flash chromatography (Si0 2 ; 50% ethyl 



20 



25 
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acetate/hexane) to give 849 mg of N-methoxy-N- 
methylbenzenepropaneamide as an oil: Anal. Calc'd. for 
C11H15NO2: C, 68.37; H , 7.82; N 7.25. Found: C, 
68.60; H, 7.84; N,7.24. 

5 

Step 2: Preparation of l-( 4-(4-f1uorophenvn-S-f 4- 
methvlsulfonvllphenvll - lH-imi dazol-2-vll - 1 - 

To a solution of 1- ( 1-ethoxyethyl ) -4- (4- 
10 fluorophenyl) -5- [4- (methyl -thio) phenyl ] -lH-imidazole 

(Example 83 Step 1) (503 mg; 1.30 iranol ) and TMEDA (485 
mg; 4.1 mmol ) in 7.42 ml of THF at -7 8°C was added 0.91 
ml of a 2.5 M n-butyllithium in hexane . After stirring 
for 15 minutes, a solution of N-methoxy-N- 
15 methylbenzenepropaneamide (Step 1) (338.1; 1.75 mmol) 
in 1 ml of THF was added. The solution was warmed to 
2 5°C over a period of one hour. The reaction was 
diluted with diethyl ether and washed with a saturated, 
aqueous, solution of sodium bicarbonate. The organic 

2 0 extracts were dried (MgS04) / filtered and evaporated 

under reduced pressure to give a yellow oil, which was 
purified by flash chromatography (Si02; 25% ethyl 
acetate/hexane) to give 515 mg of a colorless oil. The 
oil (100 mg) was dissolved in 8 ml of methanol/THF 
25 (1.6:1). Oxone® (450 mg) was dissolved in 2 ml of 

water and this solution was added all at once. After 
stirring the reaction at 25°C for 1.5 hours, the 
reaction was poured into water and extracted with 
methylene chloride. The organic extracts were dried 

3 0 (MgS04) and evaporated under reduced pressure to give a 

white solid which was purified by preparative thin 
layer chromatography (Si02; 75% ethyl acetate/ toluene) 
to give 51.5 mg of the desired sulfone: Mp 227-231°C; 
Anal. Calc'd. for C25H21FN2O3S : C, 66.95; H, 4.72; N 
35 6.25; S, 7.15. Found: C, 67.04; H, 4.58; N, 6.13; S, 
7.24. 



SUBSTITUTE SHEET (RULE 26) 



PCT/US95/09505 

WO 96/03387 

174 



SUBSTITUTE SHEET (RULE 26) 



WO 96/03387 



PCT7US95/09505 



175 

Example 8 6 




5 1- [5- (4-Fluoroplienyl) -4- [4- (methylsulf onyl) phenyl] -1H- 

imidazol-2-yl] -2-phenylethanone 

Step 1: Preparation of N-mfithnyv-M- 
methvlbenzeneacetamide 

10 To 1,26 g of phenylacetic acid, in 33 ml of 

methylene chloride at 0°C, was added N,0- 
dimethylhydroxylamine hydrochloride (906.7 mg; 10.23 
mmol), 4.26 ml of triethylamine (3.09 g; 30.6 mmol) and 
2-chloromethylpyridinium iodide (2.6 g; 10.23 mmol). 

15 After stirring at 25°C for 12 hours, the reaction 

mixture was poured into 250 ml of methylene chloride, 
then this solution was extracted with 150 ml of IN 
hydrochloric acid, 150 ml saturated, aqueous, solution 
of sodium bicarbonate, and 150 ml of brine. The 

2 0 organic extracts were dried (MgS04) / filtered and 

evaporated under reduced pressure to give 1.98 g of a 
oil, which was purified by flash chromatography (Si02; 
50% ethyl acetate/hexane) to give 1.1334 g of N- 
methoxy-N-methylbenzeneacetamide as an oil: Anal. 

25 Calc'd. for C10H13NO2 +0.25 H2O: C, 65.38; H, 6.93; N 
7.49. Found: C, 65.67; H, 6.93; N, 7.49. 
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Q^ pp 2j P r orr aHn " of i-^-<4-flnorQPhenvl)-4-r 4- 
(mp^vlsu l fnnvl ) nhenvl 1 - 1 H- imi ^ 7=o1 -2 -yl 1 - 2 - 

r T 1 -ny1* a1 ' b * nr>ne 

To a solution of 1- ( 1-ethoxyethyl ) -4- (4- 
f luorophenyl) -5- [4- (methyl -thio) phenyl] -1H- imidazole 
(Example 83 Step 1) (476 mg; 1.23 mmol) and TMEDA (462 
mg; 3.97 mmol) in 7 . 0 ml of THF at -78°C was added 0.66 
ml of a 2.5 M n-butyllithium in hexanes . After 
stirring for 15 minutes, a solution of N-methoxy-N- 
methylbenzeneacetamide (33 8.1 mg; 1.75 mmol) in 1 ml of 
THF was added. The solution was warmed to 2 5°C over 1 
hour. The reaction was diluted with diethyl ether and 
washed with a saturated, aqueous, solution of sodium 
bicarbonate. The organic extracts were dried (MgS04> . 
filtered and evaporated under reduced pressure to give 
a yellow oil, which was purified by flash 
chromatography (Si0 2 ; 25% ethyl acetate/hexane) to give 
355 mg of a light yellow solid. This solid (100 mg) 
was dissolved in 8 ml of methanol/THF (1.6:1). Oxone® 
(450 mg) was dissolved in 2 ml of water and this 
solution was added all at once. After stirring the 
reaction at 25°C for 1.5 hours, the reaction was poured 
into water and extracted with methylene chloride. The 
organic extracts were dried (MgS04) and evaporated 
under reduced pressure to give a white solid which was 
purified by flash chromatography (Si02; 25% ethyl 
acetate/toluene) to give 63 mg of the desired sulfone: 
mp 2 63.2°C; Anal. Calc'd. for C24H19FN2O3S : C, 66.35; 
H, 4.41; N 6.45; S, 7.38. Found: C, 66.43; H, 4.26; N, 
6.21; S, 7.12. 
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Example 87 




5 [5- (4-Fluoroplienyl) -4- [4- (methylsulf onyl) phenyl] -1H- 

imidazol -2 -yl ] phenylmethanone 

Step 1: Preparation of N-methoxv-N-methvl- 

10 To 1.13 g of benzoic acid (9.3 mmol), in 33 ml of 

methylene chloride at 0°C, was added N,0- 
dimethylhydroxylamine hydrochloride (906.7 mg; 10.23 
mmol), 4.2 6 ml of triethylamine (3.09 g; 30.6 mmol) and 
2-chloromethylpyridinium iodide (2.6 g; 10.23 mmol). 

15 After stirring at 25°C for 12 hours, the reaction 

mixture was poured into 250 ml of methylene chloride, 
then this solution was extracted with 150 ml of IN 
hydrochloric acid, 150 ml saturated, aqueous solution 
of sodium bicarbonate, and 150 ml of brine. The 

2 0 organic extracts were dried (MgS04) , filtered and 

evaporated under reduced pressure to give a oil, which 
was purified by flash chromatography (Si02; 50% ethyl 
acetate/ hexane) to give 0.872 of N-methoxy-N-methyl- 
benzenecarboxamide as an oil: Anal. Calc'd. for 

25 C9H11NO2 + 0.25 H2O: C, 63.70; H, 6.29; N 8.14. 
Found: C, 63.73; H, 6.83; N, 8.25 
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S^SB 2: Pr-^narar.io r. nf f 5 - ( 4 - f 1 uorOPhenvl ) -4 - [ 4 - 
(tnpthvls n i fonvi)Dhpnv3 1 -lH-imidiazol- 2- 
Yl InhPnvlmPl-hanone 

To a solution of 1- ( 1-ethoxyethyl ) -4- (4- 
fluorophenyl) -5- [4- (methyl -thio) phenyl] -lH-imidazole 
(Example 83 Step 1) (374 mg; 0.96 mmol) and TMEDA (362 
mg; 3.1 mmol) in 5.48 ml of THF at -7 8°C was added 0.52 
ml of a 2.5 M n-butyllithium in hexanes . After 
stirring for 15 minutes, a solution of N-methoxy-N- 
methyl-benzenecarboxamide (Step 1) (214 mg; 1.3 0 mmol) 
in 1 ml of THF was added. The solution was warmed to 
25°C over a period of one hour. The reaction was 
diluted with diethyl ether and washed with a saturated, 
aqueous solution of sodium bicarbonate. The organic 
extracts were dried (MgS04), filtered and evaporated 
under reduced pressure to give the crude product, which 
was purified by flash chromatography (Si02; 25% ethyl 
acetate/hexane) to give 294 mg of product. 133 mg of 
this material was dissolved in 8 ml of methanol /THF 
(1.6:1). Oxone® (450 mg) was dissolved in 2 ml of 
water and then this solution was added all at once. 
After stirring the reaction at 25°C for 1.5 hours, the 
reaction was poured into water and extracted with 
methylene chloride. The organic extracts were dried 
(MgS04) and evaporated under reduced pressure to give a 
white solid which was purified by flash chromatography 
(Si02; 50% ethyl acetate/toluene) to give 49.5 mg of 
the desired sulfone: mp 264° C (dec). Anal. Calc'd. 
for C23H17FN203S: C 65.70; H, 4.08; N 6.66; S, 7.63. 
Found: C, 65.51; H, 4.34; N, 6.40; S, 7.68. 
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Example 8 8 




5 1- [5- (4-Fluorophenyl) -4- [4- (methylsulf onyl ) phenyl] -1H- 
imidazol -2 -yl ] -4 -phenyl - 1 -but an one 

Step 1: Preparation of N-methnxv-w- 
methvlbenzmebut.anaitri d^ 

10 To 1.52 g of phenylbutyric acid (9.3 mmol), in 33 

ml of methylene chloride at 0°C, was added N,0- 
dimethylhydroxylamine hydrochloride (906.7 mg; 10.23 
mmol), 4.26 ml of triethylamine (3.09 g; 30.6 mmol) and 
2-chloromethylpyridinium iodide (2.6 g; 10.23 mmol). 

15 After stirring at 25°C for 12 hours, the reaction 

mixture was poured into 250 ml of methylene chloride, 
then this solution was extracted with 150 ml of IN 
hydrochloric acid, 150 ml saturated, aqueous solution 
of sodium bicarbonate, and 150 ml of brine. The 

20 organic extracts were dried (MgS04), filtered and 

evaporated under reduced pressure to give an oil, which 
was purified by flash chromatography (Si02; 50% ethyl 
acetate/hexane) to give 0.525 g of N-methoxy-N- 
methylbenzenebutanamide : Anal. Calc'd. for C12H17NO2 + 

25 0.15 H2O: C, 68.64; H, 8.30; N 6.67. Found: C, 68.70; 
H, 7.96; N, 6.52. 
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10 



-r- r 2j EgsparaJLiop nf i - rs- (4-£l uojaBhsmJ ) -4- [ 4- 
fTTr - ^l a^j fnnvi inhPnvi 1 - 1 h = i Toi da 7 o 1 -?-vl1 -4-Phenvl- i- 

bu, f-anone 

To a solution of 1- ( 1-ethoxyethyl ) -4- ( 4- 
f luorophenyl) -5- [4- (methyl -thio) phenyl] -lH-imidazole 
(Example 83 Step 1) (533 mg; 1.3 mmol) and TMEDA 
(491.56 mg; 4.21 mmol) in 7 ml of THF at -78°C was 
added 0.70 ml of a 2.5 M n-butyllithium in hexanes . 
After stirring for 15 minutes, a solution of N-methoxy- 
N-methylbenzenebutanamide (Step 1M363 mg; 1.75 mmol) 
in 1 ml of THF was added. The solution was warmed to 
25°C over 1 hour. The reaction was diluted with 
diethyl ether and washed with a saturated, aqueous 
solution of sodium bicarbonate. . The organic extracts 
15 were dried (MgS0 4 ), filtered and evaporated under 

reduced pressure to give the crude product, which was 
purified by flash chromatography (Si02; 25% ethyl 
acetate/hexane) to give 229 mg of product. This 
material (74 mg) was dissolved in 8 ml of methanol/THF 
20 (1.6:1). Oxone® (450 mg) was dissolved in 2 ml of 

water and this solution was added all at once. After 
stirring the reaction at 25°C for 1.5 hours, the 
reaction was poured into water and extracted with 
methylene chloride. The organic extracts were dried 
2 5 (MgS0 4 ) and evaporated under reduced pressure to give c 
white solid which was purified by flash chromatography 
(Si02; 50% ethyl acetate/ toluene) to give 43 mg of the 
desired sulfone: Anal. Calc'd. for C 2 6H23FN 2 0 3 S + 0.4 
H 2 0: C 66.48; H, 5.11; N 5.96. Found: C, 66.65; H, 
30 4.94; N, 5.81. 
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Example 8 9 




5 2,2,2 -Tr if luoro- 1 - [ 4 - ( 4 - f luorophenyl ) -5- [4- 

methylsulf onyl ) phenyl] -lH-imidazol-2-yl] ethanone 

Step 1: Preparation of 1 - [ 1 - ( 1 -ethoxvethvl ) -4 - ( 4 - 
fluorophenvl) -5- f4- (methvlthio ) phenyl 1 -lH-imidazol-2- 

10 vll -2 . 2 , 2-trif luoroethanone 

To a solution of 1- ( 1-ethoxyethyl ) -4- (4- 
f luorophenyl ) -5- [4- (methyl -thio) phenyl] -lH-imidazole 
(Example 83 Step 1) (4 03.8 mg; 1.04 mmol ) and TMEDA 
(582.7 mg; 5.01 mmol) in 6 ml of THF at -78°C was added 

15 1.23 ml of 2.5 M n-butyllithium in hexanes . After 
stirring for 15 minutes, a solution of N-methoxy-N- 
methyltrif luoracetamide, (167 mg; 1.41 mmol) in 1 ml of 
THF was added. The solution was warmed to 2 5°C over 
one hour. The reaction was diluted with diethyl ether 

20 and washed with a saturated, aqueous, solution of 

sodium bicarbonate. The organic extracts were dried 
(MgS04) / filtered and evaporated under reduced pressure 
to give the crude product, which was purified by flash 
chromatography (Si02; 25% ethyl acetate/hexane) to give 

25 81 mg of 1- [ 1 -( 1-ethoxyethyl ) -4- ( 4 -f luorophenyl ) -5- [ 4 - 
(methyl thio) phenyl ] -lH-imidazol-2 -yl ] -2,2,2- 
trif luoroethanone which was used directly in the next 
step . 
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■^pn 2: P r pnarat.inn of 2 . 2 . 2 - tr j f lUPrp-1 - f 4 - ( 4 - 
flnnrophpnyl ) -S- TA-mPthvl sul f onvl ) nhenvl 1 -lH-jnadazpl- 

7-Y 1 1 ftfhanone 

1- [1- (1-Ethoxyethyl) -4- (4-f luorophenyl ) -5- [4- 
(methylthio) phenyl] -lH-imidazol-2-yl] -2,2,2- 
trif luoroethanone (Step 1) was dissolved in 8 ml of 
methanol/THF (1.6:1). Oxone® (450 mg) was dissolved in 
2 ml of water and this solution was added all at once 
to methanol/THF solution. After stirring the reaction 
at 25°C for 1.5 hours, the reaction was poured into 
water and extracted with methylene chloride. The 
organic extracts were dried (MgS04) and evaporated 
under reduced pressure to give a white solid which was 
purified by preparative thin layer chromatography 
(Si02; 50% ethyl acetate/toluene) to give 23 mg of the 
desired sulfone: mp 291. 7°C. Anal. Calc'd. for 
CI8H12F4N2O3S: C, 52.43; H, 2.93; N 6.79. Found: C, 
52.38; H, 2.96; N, 6.26. 

Example 9 0 




4- (4-Fluorophenyl) -5- (4- (methylsulf onyl) phenyl] -a- 
( trif luoromethyl ) -lH-imidazole-2-methanol 
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To a solution of 85 mg of 1- [1- (1-ethoxyethyl) -4- 
(4-fluorophenyl) -5- [4- (methyl thio ) phenyl ] -lH-imidazol- 
2-yl] -2 , 2 , 2-trif luoroethanone (Example 89, Step 1) 
(0.18 mmol) in 1 ml of methanol at 0°C was added 10 mg 
of sodium borohydride (0.26 mmol). The solution turned 
immediately from yellow to colorless. The reaction was 
quenched with 1% solution of aqueous hydrochloric acid 
and diluted with methylene chloride then washed with 
brine. The organic extracts were dried (MgS04) / 
filtered and the solvent was removed under reduced 
pressure to provide 77.1 mg of a white film. All of 
this material was dissolved in 8 ml of methanol /THF 
(1.6:1). Oxone® (450 mg) was dissolved in 2 ml of 
water and the solution was added all at once. After 
stirring the reaction at 25°C for 1.5 hours, the 
reaction was poured into water and extracted with 
methylene chloride. The organic extracts were dried 
(MgS04) and evaporated under reduced pressure to give a 
white foam which was purified by preparative thin layer 
chromatography (Si02; 100% ethyl acetate) to give 50.5 
mg of the desired sulfone: mp 126-130° C. Anal. 
Calc'd. for C18H14F4N2O3S : C, 51.49; H, 3.54; N 6.33. 
Found: C, 51.53; H, 3.26; N, 6.31. 



Example 



91 




CF3 
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4- (4-Fluorophenyl) -a-methyl-5- [4- 
(methylsulf ony 1 ) phenyl ] -a- (trif luoromethyl) -1H- 
imidazole -2 -methanol 

5 To a solution of 1- ( 1-ethoxyethyl ) -4- ( 4- 

f luorophenyl) -5- [4- (methyl -thio) phenyl ] -1H- imidazole 
(Example 83 Step 1) (346.6 mg; 0.89 mmol) and TMEDA 
(495.9 mg; 4.26 mmol) in 5.08 ml of THF, at -78°C, was 
added 0.48 ml of a 2.5 M n-butyllithium in hexanes . 
10 After stirring for 15 minutes, a solution of 1,1,1- 

trifluoroacetone (135.5 mg; 1.21 mmol) in 1 ml of THF 
was added. The solution was warmed to 2 5°C over a 
period of one hour. The reaction was diluted with 
diethyl ether and washed with a saturated, aqueous, 
15 solution of sodium bicarbonate. The organic extracts 
were dried (MgS0 4 ) . filtered and evaporated under 
reduced pressure to give the crude product, which was 
purified by flash chromatography (Si0 2 ; 50% ethyl 
acetate/hexane) to give 220 mg of a yellow oil. This 
20 material (100 mg) was dissolved in 8 ml of methanol/THF 
(1.6:1). Oxone® (450 mg) was dissolved in 2 ml of 
water and the solution was added all at once to the 
methanol/THF solution. After stirring the reaction at 
2 5°C for 1.5 hours, the reaction was poured into water 
25 and extracted with methylene chloride. The organic 
extracts were dried (MgS0 4 ) and evaporated under 
reduced pressure to give a white solid which was 
purified by preparative thin layer chromatography 
(Si0 2 ; 50% ethyl acetate/toluene) to give 40 mg of the 
30 desired sulfone: Anal. Calc'd. for C19HI6F4N2O3S : C 
53.27; H, 3.76; N 6.54. Found: C, 53.42; H, 3.73; N. 
6.29 . 
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Example 92 




5 4- (4-Fluorophenyl) -5- [4- (methylsulf onyl) phenyl] -2- 

(phenyl-sulf onyl) -1H- imidazole 

To a solution of 1- (1-ethoxyethyl) -4- (4- 
f luorophenyl) -5- [4- (methyl-thio) phenyl] -lH-imidazole 

10 (Example 83 Step 1) (208 mg; 0.53 mmol) and TMEDA (76.3 
mg; 0.2 3 mmol) in 3.02 ml of THF, under an argon 
atmosphere at -7 8°C, was added 0.21 ml of a 2.5 M n- 
butyllithium in hexanes . After stirring for 15 
minutes, N-f luorodibenzene sulfonamide (167 mg; 0.53 

15 mmol) was added and the reaction was slowly warmed to 
25°C. The reaction was quenched with 1-2 ml of an 
aqueous, saturated solution of sodium bicarbonate, 
diluted with ether and washed with additional 
saturated, sodium bicarbonate solution. The organic 

20 extracts were dried (MgS04)/ filtered and evaporated 

under reduced pressure to give a yellow foam, which was 
purified by flash chromatography (Si02; 25% ethyl 
acetate/hexane) to give 179.9 mg of a yellow foam. The 
foam (90 mg) was dissolved in 8 ml of methanol/THF 

25 (1.6:1). Oxone® (450 mg) was dissolved in 2 ml of 

water and the solution was added all at once. After 
stirring the reaction at 25°C for 1.5 hours, the 
reaction was poured into water and extracted with 
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methylene chloride. The organic extracts were dried 
(MgS04) and evaporated under reduced pressure to give 
product which was purified by flash chromatography 
(Si02; 5% ethanol/ methylene chloride) to give 86 mg of 
5 the unexpected sulfone: Anal. Calc'd. for 

C22H17FN204S2 : C, 45.71; H, 3.20; N 4.44; S, 20.34. 
Found: C, 45.55; H, 2.95; N, 4.33; S, 20.49. 

Example 93 




4- (4-Fluorophenyl) -a-methyl-5- [4- 
<methylsulf onyl ) phenyl] -1H- imidazole -2 -methanol 

15 

p r ^p 1- PrPnarafinn of 1 - [ ( 1-ethoxvethvl ) -4- ( 4- 
finornnhPnvD-s- \A- (ip pMivI thiol phenyl! -1 H-imidazcl-2 - 
^1 1 Pthanone 

To a solution of 1- { 1-ethoxyethyl ) -4- (4- 
20 f luorophenyl) -5- [4- (methylthio) phenyl ] -lH-imidazole 

(Example 9, Step 2) (206 mg; 0.53 mmol) and TMEDA (324 
mg; 1.65 mmol) in 3.0 mL of THF at -78°C was added 0.28 
ml of a 2.5 M solution of n-butyllithium in hexanes . 
After stirring for 15 minutes, 66 ml of N,N- 
2 5 dimethylacet amide (62.7 mg; 0.72 mmol) was added. 

After 30 minutes, the solution was slowly warmed to 
25°C, then 2 ml of an aqueous solution of sodium 
bicarbonate was added, followed by dilution with 50 mL 



SUBSTITUTE SHEET (RULE 26) 



WO 96/03387 



PCT7US95/09505 



187 

of diethyl ether. The solution was washed with 50 ml 
of a saturated solution of sodium bicarbonate and the 
organic extracts were dried (MgS04) and filtered. The 
solvent was removed under reduced pressure to give 23 0 
mg of a yellow oil, which was purified by flash 
chromatography (Si02; 25% ethyl acetate/hexane) to 
yield 86 mg of the protected ketone as a slightly 
yellow oil (37%) . 

Step 2; Preparation of 1- r n -Pf hoxvethvl ) -4- { A- 

f lUPrOPhenvl) -5- f 4- (methyl thio)nhPn vl 1 -iH-irrn H^n] - 9- 

vll ethane! 

To a solution of 1- [ ( 1-ethoxyethyl ) -4- ( 4- 
f luorophenyl) -5- [4- (methylthio) phenyl ] -lH-imidazol-2- 
yl]ethanone (Step 1) (1.08 g. ; 2.9 mmol) at 25°C was 
added sodium borohydride (109.7 mg; 2.9 mmol). After 
stirring for 2 0 hours, the reaction mixture was cooled 
to 0°C and 50 ml of a 1% aqueous solution of 
hydrochloric acid was added. This solution was 
saturated with solid sodium chloride and extracted with 
10 0 ml, then 2 x 50 ml of methylene chloride. The 
organics were combined then washed with 50 ml of a 
saturated, aqueous solution of sodium bicarbonate. The 
organic extracts were dried (MgS04), filtered and 
evaporated under reduced pressure to provide 1.06 g of 
a light yellow foam, which was purified by flash 
chromatography (Si02, 75% ethyl acetate/hexane) to 
provide 907 mg of the desired protected alcohol. 

Step 3; Preparation of 4- (4-f luor onhem/1 ) - g-methvl-5 - 
f4- (methvlsulfonvl) Phenyl 1 -lH-imi dazolfi-2-methano l 

The protected alcohol (Step 2) (400 mg) was 
dissolved in 8 ml of methanol/THF (1.6:1). Oxone® (450 
mg) was dissolved in 2 ml of water and the solution was 
added all at once. After stirring the reaction at 25°C 
for 1.5 hours, the reaction was poured into 150 ml of 
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water and extracted with 3 0 ml of methylene chloride 
several times. The organic extracts were dried (MgS0 4 ) 
and evaporated under reduced pressure to give 40 mg of 
crude product which was purified by preparative thin 
layer chromatography (Si0 2 ; 100% ethyl acetate) to give 
14 mg of the sulfone: HRMS, m/e Calc'd. for 
C18H17N2O3SF: 360.0940; measured: 360.0977. 



Example 94 



10 



OS5S-, 




15 



4- (4-Fluorophenyl) - 2 - ( 1 -xnethoxyethyl ) - 5 - [4- (methyl- 
sulfonyl) phenyl] -1H- imidazole 



To a solution of 1- [ ( 1-ethoxyethyl ) -4- (4- 
f luoropheny 1 ) - 5 - [ 4 - (methyl thio ) phenyl ] -1H- imidazol - 2 - 
yl]ethanol (Example 93, Step 2) (410 mg; 1.05 mmol) in 
4.2 ml of DMF was added 3 6 mg of sodium hydride (60 wt% 
20 oil dispersion) . After stirring at 25°C for 15 

minutes, 65.4 nL of methyl iodide was added. Stirring 
continued at 2 5°C for 12 hours, then the reaction was 
heated to 3 6°C for 8 hours, then poured into ethyl 
acetate and extracted with brine. The organic extracts 
25 were dried (MgS0 4 ), filtered and the solvent was 

removed under reduced pressure to provide an oil which 
was purified by medium pressure chromatography (Si02; 
50% ethyl acetate/hexane) to provide 133 mg of an oil. 
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The alcohol was dissolved in 8 ml of methanol /THF 
(1.6:1). Oxone® (450 mg) was dissolved in 2 ml of 
water and the solution was added all at once to the 
methanol/THF solution. After stirring the reaction at 
25°C for 1.5 hours, the reaction was poured into water 
and extracted with methylene chloride. The organic 
extracts were dried (MgS04) and evaporated under 
reduced pressure to give the crude product which was 
purified by preparative thin layer chromatography 
(Si02; 100% ethyl acetate) to give 66 mg of the desired 
sulfone: mp 212° C Anal. Calc'd. for C19H19N2O3SF : C, 
60.95; H, 5.11; N 7.48; S, 8.56. Found: C, 61.24; H, 
5.00; N, 7.45; S, 8.51. 



2- (1, 1-Dif luoroethyl) -4- (4-f luorophenyl) -5- [4- ( methyl - 



Step I: Preparation of 5- (4-f luoronhenvl 1- 2- f 2-m^thv i - 
1, 3-dithian-2-vl) -4- f4-methvlthio) phenyl 1 -IH -imidazol ^ 

To a suspension of 1- [ (1-ethoxyethyl ) -4- (4- 
f luorophenyl) -5- [4- (methylthio) phenyl] -lH-imidazol-2 - 
yljethanone (Example 93, Step 1) (797 mg; 2.12 mmol) in 
0.42 ml of 1, 3-propanedi thiol in a 1 ml flask, at 25°C, 
under argon was added 0.88 ml of boron trifluoride 



Example 9 5 




sulfonyl) phenyl] -1H- imidazole 
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10 



15 



20 



acetxc acid-complex. After stirring for 12-18 hours 
the reaction was slowly quenched with 8 ml of a 
saturated, solution of sodium bicarbonate then diluted 
with 8 ml of ethyl acetate. The organic extracts were 
diluted with additional ethyl acetate and then washed 
with a IN solution of aqueous sodium hydroxide and 
brine. The organic extracts were dried (MgS04) , 
filtered and the solvent was removed under reduced 
pressure to provide 542 mg of a solid which was washed 
with 25% ethyl acetate /hexane to provide 536.8 mg of 5- 
(4-f luorophenyl) -2- (2-methyl-l , 3-dithian-2-yl) -4- [4- 
methylthio) phenyl] -lH-imidazole which was used in the 
following step without further purification: mp 164- 
168°C. 



r .„ r ? - Prop r,Hnn of ?-M ,l-rliflnnro^)lYl)-4-( 4- 
f i^opV^Twi ) -5 - r A— rTT^t-hvl -sulfonvl iPftffPYll zW - 

A solution of 5- ( 4- f luorophenyl) -2- (2-methyl-l, 3- 
dithian-2-yl) -4- [4-methylthio) phenyl] -lH-imidazole 
(Step 1) (268.40 mg; 0.64 mrnol) was prepared by 
sonicating a suspension of this material in 2 ml of 
methylene chloride then heated in a hot water bath till 
the compound dissolved. N-iodosuccinimide (863.9 mg; 
2 5 3.84 ml) was suspended in 7.8 ml of anhydrous methylene 
chloride in a separate flask, under an atmosphere of 
argon, cooled to -30°C and 0.43 ml of HF-pyridine (70%) 
was added to the cooled suspension. Immediately the 
solution of 5- (4-f luorophenyl) -2- (2-methyl-l, 3-dithian- 
30 2-yl)-4-[4-methylthio)phenyl]-lH-imidazole was added 
and the resulting solution turned purple 
instantaneously. After maintaining the temperature 
between -27°C and -40°C for 2.5 hours, the reaction 
mixture was diluted with a saturated, aqueous, solution 
3 5 of sodium bicarbonate and additional methylene 

chloride. A spatula tip of solid sodium thiosulfate 
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was added. After carefully shaking the two phase 
mixture the color disappeared. The organic extracts 
were dried (MgSC>4), filtered and the solvent was 
removed under reduced pressure to provide 309 mg of a 
5 yellow oil which solidified upon storage in the 

refrigerator overnight. The yellow brown solid was 
suspended in heptane and the solvent was removed under 
reduced pressure. This step was repeated twice which 
resulted in 242 mg of a yellow powder. This material 

10 (214 mg) was dissolved in 8 ml of methanol/THF (1.6:1). 
Oxone® (450 mg) was dissolved in 2.5 ml of water and 
then this solution was added all at once. After 
stirring the reaction at 25°C for 1.25 hours, the 
reaction was poured into water and extracted with 

15 methylene chloride. The organic extracts were dried 
(MgS04) and evaporated under reduced pressure to give 
the crude product which was purified by flash 
chromatography (SiC>2; 50% ethyl acetate/ hexane) to 
give 57.4 mg of the desired sulfone: mp 211° C; Anal. 

20 Calc'd. for C18H15F3N2O2S : C, 45.71; H, 3.20; N 4.44; 
S, 20.34. Found: C, 45.55; H, 2.95; N, 4.33; S, 20.49. 

BIOLOGICAL EVALUATION 

2 5 Rat Carrageenan Foot Pad Edema Test 

The carrageenan foot edema test was performed with 
materials, reagents and procedures essentially as 
described by Winter, et al . , (Proc. Soc . Exp. Biol. 
Med., Ill, 544 (1962)). Male Sprague-Dawley rats were 

3 0 selected in each group so that the average body weight 

was as close as possible. Rats were fasted with free 
access to water for over sixteen hours prior to the 
test. The rats were dosed orally ( 1 ml ) with compounds 
suspended in vehicle containing 0.5% methylcellulose 
35 and 0.025% surfactant, or with vehicle alone. One hour 
later a subplantar injection of 0.1 ml of 1% solution 
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of carrageenan/sterile 0.9% saline was administered and 
the volume of the injected foot was measured with a 
displacement plethysmometer connected to a pressure 
transducer with a digital indicator. Three hours after 
5 the injection of the carrageenan, the volume of the 

foot was again measured. The average foot swelling in 
a group of drug-treated animals was compared with that 
of a group of placebo-treated animals and the 
percentage inhibition of edema was determined 

10 (Ott ernes s and Bliven, Laboratory Models for Testing 
NSAIDs, in Non-steroidal Ant i- Inflammatory Drugs, (J. 
Lombardino, ed. 1985)). The % inhibition shows the % 
decrease from control paw volume determined in this 
procedure and the data for selected compounds in this 

15 invention are summarized in Table I. 

Rat Carrageenan-induced Analgesia Test 

The analgesia test using rat carrageenan was 
performed with materials, reagents and procedures 
2 0 essentially as described by Hargreaves, et al . , (Pain, 
32, 77 (1988)). Male Sprague-Dawley rats were treated 
as previously described for the Carrageenan Foot Pad 
Edema test. Three hours after the injection of the 
carrageenan, the rats were placed in a special 
2 5 plexiglass container with a transparent floor having a 
high intensity lamp as a radiant heat source, 
positionable under the floor. After an initial twenty 
minute period, thermal stimulation was begun on either 
the injected foot or on the contralateral uninjected 
30 foot. A photoelectric cell turned off the lamp and 

timer when light was interrupted by paw withdrawal. The 
time until the rat withdraws its foot was then 
measured. The withdrawal latency in seconds was 
determined for the control and drug-treated groups, and 
3 5 percent inhibition of the hyperalgesic foot withdrawal 
determined. Results are shown in Table I. 
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TABLE I 



10 



20 



RAT PAW EDEMA ANALGESIA 

% Inhibition 1 % Inhibition 1 



Example 
1 



22 25 

58 14 

27 29 



70 



* 



* - 50 mg/kg body weight 
i- e -30 mrr/ka body weight 



Evaluation of COX I and COX II activity in vitro 
15 The compounds of this invention exhibited 

inhibition in vitro of COX II. The COX II inhibition 
activity of the compounds of this invention illustrated 
in the Examples was determined by the following 
methods . 



a PrPnar^io^ of rprmnhinant COX bacul OVirUSg S 



A 2.0 kb fragment containing the coding region of 
either human or murine COX-I or human or murine COX-II 
25 was cloned into a BamHl site of the baculovirus 

transfer vector P VL13 93 (Invitrogen) to generate the 
baculovirus transfer vectors for COX-I and COX-II in a 
manner similar to the method of D.R. O'Reilly et al 
(Baculovirus Expression Vectors: A Laboratory Manual 
30 (1992)). Recombinant baculoviruses were isolated by 
transfecting 4 ng of baculovirus transfer vector DNA 
into SF9 insect cells (2xl0e8) along with 200 ng of 
linearized baculovirus plasmid DNA by the calcium 
phosphate method. See M.D. Summers and G.E. Smith, A 
3 5 Manual of Methods for Baculovirus Vectors and Insect 
Cell Culture Procedures, Texas Agric. Exp. Station 
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Bull. 1555 (1987). Recombinant viruses were purified 
by three rounds of plaque purification and high titer 
(10E7 - 10E8 pfu/ml) stocks of virus were prepared. 
For large scale production, SF9 insect cells were 
infected in 10 liter fermentors (0.5 x 10 6 /ml) with the 
recombinant baculovirus stock such that the 
multiplicity of infection was 0.1. After 72 hours the 
cells were centrifuged and the cell pellet homogenized 
in Tris/Sucrose (50 mM: 25%, pH 8.0) containing 1% 3- 
t (3-cholamidopropyl) dimethylammonio] -1- 
propanesulfonate (CHAPS) . The homogenate was 
centrifuged at 10,000xG for 30 minutes, and the 
resultant supernatant was stored at -80°C before being 
assayed for COX activity. 

b. Assay for COX I and COX II activity: 

COX activity was assayed as PGE 2 formed/>g 
protein/time using an ELISA to detect the prostaglandin 
released. CHAPS-solubilized insect cell membranes 
containing the appropriate COX enzyme were incubated in 
a potassium phosphate buffer (50 mM, pH 8.0) containing 
epinephrine, phenol, and heme with the addition of 
arachidonic acid (10 pM) . Compounds were pre-incubated 
with the enzyme for 10-20 minutes prior to the addition 
of arachidonic acid. Any reaction between the 
arachidonic acid and the enzyme was stopped after ten 
minutes at 37°C/room temperature by transferring 40 \il 
of reaction mix into 160 \il ELISA buffer and 25 jxM 
indomethacin . The PGE2 formed was measured by standard 
ELISA technology (Cayman Chemical) . Results are shown 
in Table II. 
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TABLE II. 



5 1 



Human COX II 

IDgp _UM_ 



Human COX I 



10 



15 



20 



25 



30 



35 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

44 

47 

48 

49 

50 

51 

55 

58 

60 

62 

63 



0.2 

0.2 

0.2 

0.5 

1.2 

4.6 

4.8 

<0 .1 

5.1 

1.2 

0.4 

1.3 

<0.1 

0.6 

2.9 

0.6 

0.3 

0.2 

0.5 

40.7 

<0.1 

12 .8 

0.1 

8.7 

55 

1.5 

1.7 

0.3 

0.2 

0.1 

2.4 

1.3 



>100 

>100 

2.2 

>100 

>100 

>100 

>100 

2.1 

>100 

63 .5 

10 .4 

>100 

9.6 

2.0 

5.6 

20 

>100 

>100 

>100 

>100 

10 .8 

>100 

12 .9 

>100 

10 .8 

>100 

>100 

>100 

>100 

6.2 

>100 

>100 
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TABLE II. (cont.) 

Human COX II Human COX I 



15 



Examole 


ID££ UM 


IP££ MM. 


72 


3.0 


>100 


79 


8.3 


>100 


80 


2.9 


>100 


81 


3.3 


77 


82 


0.7 


>100 


83 


4.3 


>100 


85 


0.4 


>100 


89 


5.3 


>100 


90 


3.9 


>100 


91 


5.9 


>100 


92 


3 . 0 


>100 


94 


6.4 


>100 


95 


2.4 


>100 
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Biological paradigms for testing the cytokine- 
inhibiting activity of these compounds are found in 
WO95/13067, published 18 May 1995. 

Also embraced within this invention is a class of 

2 5 pharmaceutical compositions comprising the active 

compounds of this combination therapy in association 
with one or more non-toxic, pharmaceutically-acceptable 
carriers and/or diluents and/or adjuvants (collectively 
referred to herein as "carrier" materials) and, if 

3 0 desired, other active ingredients. The active 

compounds of the present invention may be administered 
by any suitable route, preferably in the form of a 
pharmaceutical composition adapted to such a route, and 
in a dose effective for the treatment intended. The 
3 5 active compounds and composition may, for example, be 
administered orally, intravascular ly , 
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intraperitoneal^, subcutaneously, intramuscularly or 
topically . 

For oral administration, the pharmaceutical 
composition may be in the form of, for example, a 
tablet, capsule, suspension or liquid. The pharma- 
ceutical composition is preferably made in the form of 
a dosage unit containing a particular amount of the 
active ingredient. Examples of such dosage units are 
tablets or capsules. The active ingredient may also be 
administered by injection as a composition wherein, for 
example, saline, dextrose or water may be used as a 
suitable carrier. 

The amount of therapeutically active compounds 
that are administered and the dosage regimen for 
treating a disease condition with the compounds and/or 
compositions of this invention depends on a variety of 
factors, including the age, weight, sex and medical 
condition of the subject, the severity of the disease, 
the route and frequency of administration, and the 
particular compound employed, and thus may vary widely. 
The pharmaceutical compositions may contain active 
ingredients in the range of about 0.1 to 2 00 0 mg, 
preferably in the range of about 0.5 to 500 mg and most 
preferably between about 1 and 100 mg. A daily dose of 
about 0.01 to 100 mg/kg body weight, preferably between 
about 0.5 and about 20 mg/kg body weight and most 
preferably between about 0.1 to 10 mg/kg body weight, 
may be appropriate. The daily dose can be administered 
in one to four doses per day. 

In the case of psoriasis and other skin 
conditions, it may be preferable to apply a topical 
preparation of compounds of this invention to the 
affected area two to four times a day. 

For inflammations of the eye or other external 
tissues, e.g., mouth and skin, the formulations are 
preferably applied as a topical ointment or cream, or 
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as a suppository, containing the active ingredients in 
a total amount of, for example, 0.075 to 30% w/w, 
preferably 0.2 to 20% w/w and most preferably 0.4 to 
15% w/w. When formulated in an ointment, the active 
ingredients may be employed with either paraffinic or a 
water-miscible ointment base. Alternatively, the 
active ingredients may be formulated in a cream with an 
oil-in-water cream base. If desired, the aqueous phase 
of the cream base may include, for example at least 30% 
w/w of a polyhydric alcohol such as propylene glycol, 
butane-1 , 3-diol , mannitol, sorbitol, glycerol, 
polyethylene glycol and mixtures thereof. The topical 
formulation may desirably include a compound which 
enhances absorption or penetration of the active 
ingredient through the skin or other affected areas. 
Examples of such dermal penetration enhancers include 
dimethylsulf oxide and related analogs. The compounds 
of this invention can also be administered by a 
transdermal device. Preferably topical administration 
will be accomplished using a patch either of the 
reservoir and porous membrane type or of a solid matrix 
variety. In either case, the active agent is delivered 
continuously from the reservoir or microcapsules 
through a membrane into the active agent permeable 
adhesive, which is in contact with the skin or mucosa 
of the recipient. If the active agent is absorbed 
through the skin, a controlled and predetermined flow 
of the active agent is administered to the recipient. 
In the case of microcapsules, the encapsulating agent 
may also function as the membrane. 

The oily phase of the emulsions of this invention 
may be constituted from known ingredients in a known 
manner. While the phase may comprise merely an 
emulsifier, it may comprise a mixture of at least one 
emulsifier with a fat or an oil or with both a fat and 
an oil. Preferably, a hydrophilic emulsifier is 
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included together with a lipophilic emulsifier which 
acts as a stabilizer. It is also preferred to include 
both an oil and a fat. Together, the emulsif xer ( s ) 
with or without stabilizer (s) make-up the so-called 
emulsifying wax, and the wax together with the oil and 
fat make up the so-called emulsifying ointment base 
which forms the oily dispersed phase of the cream 
formulations. Emulsif iers and emulsion stabilizers 
suitable for use in the formulation of the present 
invention include Tween 60, Span 80, cetostearyl 
alcohol, myristyl alcohol, glyceryl monostearate, and 
sodium lauryl sulfate, among others. 

The choice of suitable oils or fats for the 
formulation is based on achieving the desired cosmetic 
properties, since the solubility of the active compound 
in most oils likely to be used in pharmaceutical 
emulsion formulations is very low. Thus, the cream 
should preferably be a non-greasy, non-staining and 
washable product with suitable consistency to avoid 
leakage from tubes or other containers . Straight or 
branched chain, mono- or dibasic alkyl esters such as 
di-isoadipate, isocetyl stearate, propylene glycol 
diester of coconut fatty acids, isopropyl myristate, 
decyl oleate, isopropyl palmitate, butyl stearate, 2- 
ethylhexyl palmitate or a blend of branched chain 
esters may be used. These may be used alone or in 
combination depending on the properties required. 
Alternatively, high melting point lipids such as white 
soft paraffin and/or liquid paraffin or other mineral 

i oils can be used. 

Formulations suitable for topical administration 
to the eye also include eye drops wherein the active 
ingredients are dissolved or suspended in suitable 
carrier, especially an aqueous solvent for the active 

5 ingredients. The antiinflammatory active ingredxents 
are preferably present in such formulations in a 
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concentration of 0.5 to 20%, advantageously 0.5 to 10% 
and particularly about 1.5% w/w. 

For therapeutic purposes, the active compounds of 
this combination invention are ordinarily combined with 
one or more adjuvants appropriate to the indicated 
route of administration. If administered per os , the 
compounds may be admixed with lactose, sucrose, starch 
powder, cellulose esters of alkanoic acids, cellulose 
alkyl esters, talc, stearic acid, magnesium stearate, 
magnesium oxide, sodium and calcium salts of phosphoric 
and sulfuric acids, gelatin, acacia gum, sodium 
alginate, polyvinylpyrrolidone, and/or polyvinyl 
alcohol, and then tableted or encapsulated for con- 
venient administration. Such capsules or tablets may 
contain a controlled-release formulation as may be 
provided in a dispersion of active compound in hydroxy- 
propylmethyl cellulose. Formulations for parenteral 
administration may be in the form of aqueous or non- 
aqueous isotonic sterile injection solutions or 
suspensions. These solutions and suspensions may be 
prepared from sterile powders or granules having one or 
more of the carriers or diluents mentioned for use in 
the formulations for oral administration. The 
compounds may be dissolved in water, polyethylene 
glycol, propylene glycol, ethanol, corn oil, cottonseed 
oil, peanut oil, sesame oil, benzyl alcohol, sodium 
chloride, and/or various buffers. Other adjuvants and 
modes of administration are well and widely known in 
the pharmaceutical art. 

Although this invention has been described with 
respect to specific embodiments, the details of these 
embodiments are not to be construed as limitations. 
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1 . A compound of Formula I 




I 



wherein R 1 is selected from alkyl, haloalkyl, 
aralkyl, heterocyclicalkyl , heteroaralkyl , acyl, cyano, 
mercapto, alkoxy, alkylthio, alkylthioalkyl , 
alkylsulfonyl, haloalkylsulf onyl , arylsulf onyl , halo, 
hydroxyalkyl, alkylcarbonyl , arylcarbonyl , 
aralkylcarbonyl , cyanoalkyl, aralkenyl, aminoalkyl, 
alkylaminoalkyl, N-arylaminoalkyl , N-alkyl-N-aryl- 
aminoalkyl, carboxyalkyl , alkoxycarbonylalkyl , 
alkoxycarbonyl , haloalkylcarbonyl , carboxyl, 
alkoxyalkyl, alkenyloxyalkyl , aminocarbonyl , 
alkylaminocarbonyl , alkylaminocarbonylalkyl , 
heteroaralkoxyalkyl , heteroaryloxyalkyl . 
heteroarylthioalkyl , heteroarylalkylthioalkyl , 
aralkoxy, aralkylthio, heteroaralkoxy , 
heteroaralkylthio, heteroaryloxy , heteroarylthio, 
arylthioalkyl, arylsulf onyl , aralkylsulf onyl , 
heteroarylsulfonyl, heteroarylalkylsulf onyl , 
aryloxyalkyl, arylthio, aryloxy, aralkylthioalkyl , 
aralkoxyalkyl, alkoxyaralkoxyalkyl , aryl and 
heteroaryl, wherein the aryl and heteroaryl radicals 
are optionally substituted at a substitutable position 
with one or more radicals selected from halo, 
alkylthio, alkylsulfinyl, alkyl, cyano, haloalkyl, 
hydroxy 1, alkoxy, hydroxyalkyl and haloalkoxy; 

wherein R 2 and R 3 are independently selected from 
cycloalkyl, cycloalkenyl , heterocyclo and aryl, wherein 
the cycloalkyl, cycloalkenyl, heterocyclo and aryl 
radicals are substituted with one or more radicals 
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selected from hydrido, halo, alkylthio, alkylsulf inyl , 
alkylsulf onyl , aminosulf onyl , haloalkylsulf onyl , alkyl , 
cyano, carboxyl, alkoxycarbonyl , haloalkyl, hydroxyl, 
alkoxy , hydroxyalkyl , alkoxyalky 1 , haloalkoxy , amino , 
5 alkylamino, arylamino and nitro; and 

wherein R 4 is selected from hydrido, alkyl and 

acyl ; 

provided one of R 2 and R 3 is phenyl substituted 
with a radical selected from alkylsulf onyl or 
10 aminosulf onyl ; further provided R 1 is not 
a, a -bis ( trif luoromethyl ) methanol , 
a, a -bis ( trif luoromethyl ) methanamine , 

a, a -bis (trif luoromethyl) methanol, acetate ester, or 
trif luoroacetyl when R 3 is 4-methylsulf onylphenyl and 
15 when R 1 is hydrido; and further provided R 1 is not 
alkyl when R 3 is 4-methylsulf onylphenyl and R 2 is 
phenyl optionally substituted with methyl, methoxy or 
chloro; or a pharmaceutically-acceptable salt thereof. 

2 0 2. Compound of Claim 1 wherein R 1 is selected 

from lower alkyl, lower haloalkyl, lower aralkyl, lower 
heterocyclicalkyl, lower heteroaralkyl , acyl, cyano, 
mercapto, lower alkoxy, lower alkylthio, lower 
alkyl thioalkyl, lower alkylsulf onyl , lower 
25 haloalkylsulf onyl, lower arylsulf onyl , halo, lower 

hydroxyalkyl, lower alkoxyalkyl, lower alkenyloxyalkyl , 
lower alkylcarbonyl, lower arylcarbonyl , lower 
aralkylcarbonyl, lower cyanoalkyl, lower aralkenyl, 
lower aminoalkyl, lower alkylaminoalkyl , lower N- 

3 0 arylaminoalkyl, lower N-alkyl-N-arylaminoalkyl , lower 

carboxyalkyl , lower alkoxycarbonylalkyl , lower 
alkoxycarbonyl, lower haloalkylcarbonyl , carboxyl , 
aminocarbonyl , lower alkylaminocarbonyl , lower 
alkylaminocarbonylalkyl, lower aralkoxy, lower 
35 aralkylthio, phenylsulf onyl , lower aralkylsulf onyl , 
lower heteroaralkoxy , lower heteroaralkyl thio , lower 
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heteroarylalkoxyalkyl, lower heteroaryloxyalkyl , lower 
heteroarylthioalkyl, lower heteroarylalkylthioalkyl , 
heteroaryloxy, heteroarylthio , lower arylthioalkyl, 
lower aryloxyalkyl, lower arylthio, aryloxy, lower 
5 aralkylthioalkyl, lower aralkoxyalkyl , lower 

alkoxyaralkoxyalkyl, aryl and heteroaryl, wherein the 
aryl and heteroaryl radicals are optionally substituted 
at a substitutable position with one or more radicals 
selected from halo, lower alkylthio, lower 
10 alkylsulfinyl, lower alkyl , cyano, lower haloalkyl, 
lower hydroxy 1, lower alkoxy, lower hydroxyalkyl and 
lower haloalkoxy; wherein R 2 and R 3 are independently 
selected from heteroaryl, lower cycloalkyl, lower 
cycloalkenyl , and aryl, wherein the heteroaryl, lower 
15 cycloalkyl, lower cycloalkenyl, and aryl radicals are 
substituted with one or more radicals selected from 
hydrido, halo, lower alkyl thio, lower alkylsulfinyl, 
lower alkylsulfonyl, aminosulf onyl , lower 
haloalkyl sulfonyl, lower alkyl, cyano, carboxyl, lower 
2 0 alkoxycarbonyl, lower haloalkyl, hydroxyl, lower 

alkoxy, lower hydroxyalkyl, lower alkoxyalkyl, lower 
haloalkoxy, amino, lower alkylamino, arylamino and 
nitro; and wherein R 4 is selected from hydrido, lower 
alkyl and acyl ; or a pharmaceutically-acceptable salt 
25 thereof. 

3. Compound of Claim 2 wherein R 1 is selected from 
lower alkyl, lower haloalkyl, lower hydroxyalkyl, lower 
alkoxyalkyl, lower alkenyloxyalkyl , mercapto, lower 

3 0 alkylcarbonyl, lower haloalkylcarbonyl , phenylcarbonyl , 
lower aralkylcarbonyl, lower aralkenyl, lower 
aryloxyalkyl, lower aralkyloxyalkyl , lower 
arylsulfonyl, lower aralkylsulf onyl , lower 
arylthioalkyl, lower heteroarylalkylthioalkyl, and 

35 heteroaryl selected from 2-thienyl, 2-furyl, 3-furyl, 
2-pyridyl, 4-pyridyl and 2-benzof uryl ; wherein R 2 and 
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10 



15 



R 3 are independently selected from heteroaryl, 
cycloalkyl and aryl, wherein the heteroaryl, cycloalkyl 
and aryl radicals are substituted at a substitutable 
position with one or more radicals selected from 
hydrido, halo, lower alkylthio, lower alkylsulf inyl , 
lower alkylsulfonyl, aminosulf onyl , lower alkyl, cyano, 
carboxyl, lower alkoxycarbonyl , lower haloalkyl, 
hydroxyl, lower alkoxy, lower hydroxyalkyl , lower 
alkoxyalkyl, lower haloalkoxy, amino, lower alkylamino, 
phenylamino and nitro; and wherein R4 is selected from 
hydrido, lower alkyl and acyl ; or a pharmaceutically- 
acceptable salt thereof. 

4. Compound of Claim 3 wherein Ri is selected from 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
tert-butyl, pentyl, hexyl, f luoromethyl , 
difluoromethyl, trif luoromethyl , chloromethyl , 
dichloromethyl, tri chloromethyl , pentaf luoroethyl , 
heptaf luoropropyl , dif luorochloromethyl , 
dichlorof luoromethyl, dif luoroethyl , dif luoropropyl , 
dichloroethyl, dichloropropyl , mercapto, hydroxymethyl , 
hydroxyethyl , methoxymethyl , methoxyethyl , 
ethoxymethyl , propyl enyl oxymethyl , methyl carbonyl , 
trif luoromethylcarbonyl, phenyl carbonyl , 

2 5 benzyl carbonyl, phenylethylcabonyl , 

phenylpropyl carbonyl , 2 -bromo-benzylcarbonyl , 2 - 
phenylethenyl, phenoxymethyl , benzyloxymethyl, 
phenyl thiomethyl , quinolylmethylthiomethyl , 
phenylsulfonyl, benzylsulf onyl , 3-furyl, 2-furyl, 2- 

3 0 benzofuryl; wherein R2 and R 3 are independently 

selected from phenyl, naphthyl , biphenyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclohexenyl , 
benzofuryl, benzodioxolyl , furyl, imidazolyl, thienyl, 
thiazolyl, pyrrolyl, oxazolyl, isoxazolyl, triazolyl, 
3 5 pyrimidinyl, quinolinyl, benzimidazolyl , indolyl, 
pyrazolyl and pyridyl, wherein r2 and R 3 are 



20 



SUBSTITUTE SHEET (RULE 26) 



WO 96/03387 



PCTAJS95/09505 



206 



substituted at a substitutable position with one or 
more radicals selected from hydride, fluoro, chloro, 
bromo, iodo, methyl, ethyl, isopropyl, tert-butyl, 
isobutyl, fluoromethyl, dif luoromethyl , 
5 trif luoromethyl, chloromethyl , dichloromethyl , 

trichloromethyl, pentaf luoroethyl , heptaf luoropropyl , 
difluorochloromethyl, dichlorof luoromethyl , 
dif luoroethyl, dif luoropropyl , dichloroethyl , 
dichloropropyl, methylsulf onyl , aminosulf onyl , cyano, 
10 methoxy, ethoxy, isopropoxy, tert-butoxy, propoxy, 
butoxy, isobutoxy, pentoxy, methyl enedioxy , amino, 
trifluoromethoxy, cyano, carboxyl, methoxycarbonyl , 
ethoxycarbonyl, isopropoxycarbonyl , tert- 
butoxycarbonyl, propoxycarbonyl , butoxycarbonyl , 
15 ispbutoxycarbonyl, pentoxycarbonyl , hydroxyl, nitro, 
methylsulf inyl, butylsulf inyl , hydroxymethyl , 
methoxymethyl, ethoxymethyl , methylamino, N,N- 
dimethylamino, phenylamino, methyl thio, ethylthio, 
propylthio and butylthio; and wherein R 4 is selected 
20 from methyl, ethyl, hydrido, methyl carbonyl and 
trifluoromethylcarbonyl; or a pharmaceutically- 
acceptable salt thereof. 

5. Compound of Claim 4 selected from compounds, 
25 and their pharmaceutical^ acceptable salts, of the 
group consisting of 

5- (3-chlorophenyl) -4- (4-methylsulf onylphenyl ) -2- 
trif luoromethyl -1H- imidazole ; 
30 5- (3-chloro-4-methylphenyl) -4- (4- 

methylsulf onylphenyl) -2-trif luoromethyl-lH- 
imidazole; 

5- (3-f luorophenyl) -4- (4-methylsulf onylphenyl) -2- 
t r if luoromethyl -lH-imidazole; 
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5- (3-chloro-4-methoxyphenyl) -4- (4- 

methylsulf onylphenyl ) -2-trif luoromethyl-lH- 
imidazole; 

5- (4-fluorophenyl) -4- ( 4 -methyl sulf onylphenyl ) -2- 

trif luoromethyl -1H- imidazole; 
5- (4-fluorophenyl) -4- ( 4 -methylsulf onylphenyl ) -2 - 

phenoxymethyl-lH-imidazole; 
5- (4-fluorophenyl) -4- ( 4 -methylsulf onylphenyl ) -2- (2- 

phenyl- trans -eth-l-ene) -1H- imidazole; 
2- (2-benzofuryl) -5- (4-fluorophenyl) -4- (4- 

methylsulf onylphenyl) -IH-imidazole ; 
5- (4-fluorophenyl ) -2- (2-furyl) -4- (4- 

methylsulf onylphenyl) -IH-imidazole; 
5- (4-fluorophenyl) -2 -methyl -4- (4- 

methylsulf onylphenyl ) -IH-imidazole ; 
5- (4-fluorophenyl ) -2-isopropyl-4- (4- 

methylsulf onylphenyl ) -IH-imidazole; 

4- [5- (4-fluorophenyl) -2-hydroxymethyl-4- (4- 
methylsulf onylphenyl) -IH-imidazole; 

2-benzylthio-5- (4-fluorophenyl) -4- [4- 
(methylsulf onyl) phenyl] imidazole; 

5- (3-f luoro-4-methoxyphenyl) -4- [4- 

(methylsul fonyl) phenyl] -2- ( trif luoromethyl ) -1H- 
imidazole; 

5- (4-chlorophenyl) -4- [4- (methylsulf onyl ) phenyl ] -2 - 

(trif luoromethyl) -IH-imidazole; 
5- (2-chlorophenyl) -4- [4- (methylsulf onyl ) phenyl ] -2- 

( trif luoromethyl ) -IH-imidazole ; 
5- (3 , 4-dichlorophenyl) -4- [4- (methylsulf onyl ) phenyl ] - 

2- (trif luoromethyl) -IH-imidazole ; 

4- [4- (methylsul fonyl) phenyl] -5- (2-naphthyl) -2- 

( trif luoromethyl ) -IH-imidazole; 

5- (4-methoxyphenyl) -4- [4- (methylsul fonyl) phenyl] -2- 
(trif luoromethyl ) -IH-imidazole; 

5- (4-methylphenyl) -4- [4- (methylsulf onyl ) phenyl ] -2- 
(trif luoromethyl ) -IH-imidazole; 



SUBSTITUTE SHEET (RULE 26) 



WO 96/03387 



PCTAJS95/09505 



208 



5 _ (2 ,4-difluorophenyl) -4- [4- (methylsulf onyl) phenyl] - 

2- (trifluoromethyl) -lH-imidazole ; 
5- (3 , 4-dif luorophenyl) -4- [4- (methylsulf onyl ) phenyl ] - 
2- (trifluoromethyl) -lH-imidazole ; 
5 4- [4- (methylsulf onyl) phenyl] -5-phenyl-2- 
(trif luoromethyl) -lH-imidazole; 
5- (4-f luorophenyl) -2- (3-furyl) -4- (4- 

methylsulfonylphenyl)-lH-imidazole; 
4- [5- (4-f luorophenyl) -2- ( trifluoromethyl ) -1H- 
10 imidazol-4-yl] benzenesulf onamide; 

4- [5- (4-f luorophenyl) -2-phenoxymethyl-lH-imidazol- 

4 -y 1 ] benzenesul f onamide ; 
4- [5- (4-f luorophenyl) -2- ( 2 -phenyl - trans -eth-1- 

ene ) -IH- imidazol -4 -yl ] benzenesul f onamide ; 
15 4- [2- (2-benzofuryl) -5- ( 4-f luorophenyl ) -1H- 

imi dazol-4-yl] benzenesulf onamide; 
4 _ [5- (4-f luorophenyl) -2-isopropyl-lH-imidazol-4- 

yl] benzenesul f onamide; 
4- [5- (4-f luorophenyl ) -2-methyl-lH-imidazol-4- 

2 0 yl ] benzenesulf onamide ; 

4- [5- (4-f luorophenyl) -2- (2-furyl) -lH-imidazo.1-4- 

y 1 ] benzenesulf onamide ; 
4- [2-benzylthio-5- (4-f luorophenyl) -lH-imidazol-4- 

y 1 ] benzenesulf onamide ; 
4 _ [5 _ (4-f luorophenyl) -2-hydroxymethyl-lH-imidazol- 

4 -yl] benzenesulf onamide ; 
4- [5- (3-f luoro-4-methoxyphenyl) -2- 
( trifluoromethyl) -lH-imidazol-4- 
yl] benzenesulf onamide; 
4- [5- (4-chlorophenyl) -2- (trifluoromethyl) -1H- 

imidazol -4 -yl] benzenesulf onamide; 
4- [5- (2-chlorophenyl) -2- (trifluoromethyl) -1H- 

imidazol-4 -yl ] benzenesulf onamide ; 
4- [5- (3 , 4-dichlorophenyl) -2- ( trifluoromethyl ) -1H- 
35 imidazol-4-yl] benzenesulf onamide; 



25 



30 
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4- [5- (2-naphthyl) -2- ( tri f luoromethyl ) -lH-imidazol - 

4 -yl ] benzenesulf onamide ; 
4- [5- (4-methoxyphenyl ) -2- ( tri f luoromethyl ) -1H- 

imida zol -4 -y 1 ] benzenesul f onamide ; 
4- [5- (4-methylphenyl) -2- ( trif luoromethyl ) -1H- 

imidazol -4 -yl ] benzenesul f onamide ; 
4- [5- (2 , 4 -dif luorophenyl) -2- ( trif luoromethyl ) -1H- 

imidazol-4-yl] benzenesulf onamide ; 
4- [5- (3, 4-dif luorophenyl) -2- ( trif luoromethyl ) -1H- 

imidazol-4-yl ] benzenesulf onamide ; 
4- [5-phenyl-2- ( trif luoromethyl ) -lH-imidazol-4- 

yl ] benzenesulf onamide; 
4- [5- ( 4 -f luorophenyl) -2- (3-furyl) -lH-imidazol-4- 

yl ] benzenesul f onamide ; 
4- (3, 4-dimethyoxyphenyl) -5- [4- (methylsulf onyl ) phenyl ] - 

2- (trif luoromethyl) -lH-imidazole ; 

4- (4-methoxy-3-methylphenyl) -5- [4- 

(methylsulf onyl) phenyl] -2- (trif luoromethyl ) -1H- 
imidazole ; 

5- ( 4 -f luorophenyl ) -l-methyl-4- [4- 

( methylsulf onyl) phenyl] -2- ( trif luoromethyl ) -1H- 
imidazole; 

4- ( 4- f luorophenyl) -l-methyl-5- [4- 

( methylsulf onyl) phenyl] -2- ( trif luoromethyl ) -1H- 
imidazole ; 

5- (3, 5-dimethylphenyl) -4- [4- (methylsulf onyl ) phenyl ] -2- 
(trif luoromethyl ) -IH-imidazole ; 

5- (5-bromothien-2-yl) -4- [4- (methylsulf onyl ) phenyl ] -2 - 

( trif luoromethyl ) -lH-imidazole ; 
N,N-dimethyl-4- [4- [4- (methylsulf onyl) phenyl] -2- 

( trif luoromethyl ) -lH-imidazol-5-yl ] benzenamine ; 
4- ( 4- f luorophenyl) -5- [4- (methylsulf onyl ) phenyl ] -1H- 

imi da zole-2 -thiol ; 
2- [ [ [4- (4- f luorophenyl) -5- [4- (methylsulf onyl ) phenyl ] - 

lH-imidazol-2-yl] thio]methyl] guinoline; 
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4- (4-fluorophenyl) -5- [4- (methylsulf onyl ) phenyl ] -2- 

[ (phenylmethyl) sulfonyl] -1H- imidazole ; 

5- (3 , 5 -dimethyl -4 -methoxyphenyl) -4- [4- 

(methylsulfonyl) phenyl] -2- ( trif luoromethyl ) -1H- 

5 imidazole; 

5- [3-f luoro-4- (methylthio) phenyl ] -4- [4- 

(methylsulfonyl) phenyl] -2- (trif luoromethyl ) -1H- 

imidazole; 
5- (3-chloro-5-methylphenyl) -4- [4- 
10 (methylsulfonyl) phenyl] -2- (trif luoromethyl ) -1H- 

imidazole; 

5- [3-chloro-4- (methylthio) phenyl ] -4- [4- 

( methyl sulfonyl) phenyl] -2- (trif luoromethyl ) -1H- 

imidazole; 
15 5- (3-f luoro-4-methylphenyl) -4- [4- 

(methylsulf onyl) phenyl] -2- ( trif luoromethyl ) -1H- 

imidazole; 
1- [5- (3-chloro-5-methylphenyl) -4- [4- 

( methylsulf onyl) phenyl] -2- (trif luoromethyl ) -1H- 
20 imidazol-l-yl] ethanone; 

5- (3-methylphenyl) -4- [4- (methylsulf onyl ) phenyl] -2- 

trif luoromethyl-lH-imidazole; 
5- (3-methylphenyl) -4- [4- (sulf onami do) phenyl] -2- 
trif luoromethyl-lH-imidazole; 
2 5 5- (3 , 4-dimethylphenyl) -4- [4- (methylthio ) phenyl] -2- 
( trif luoromethyl ) -lH-imidazole ; 

4- [4- (methylsulfonyl) phenyl] -5- (3-pyridyl) -2- 

( trif luoromethyl) -lH-imidazole ; 

5- (3-cyanophenyl) -4- [4- (methy 1 thio) phenyl] -2- 
30 (trif luoromethyl) -lH-imidazole ; 

5- (2-f luorophenyl) -4- [4- (methylsulf onyl ) phenyl ] -2 - 

(trif luoromethyl ) -lH-imidazole ; 
5- (3 -methoxyphenyl) -4- [4- (methylsulf onyl ) phenyl] -2 • 
(trif luoromethyl) -lH-imidazole ; 
35 5- (2-methylphenyl) -4- [4- (methylsulf onyl ) phenyl ] -2 - 
(trif luoromethyl) -lH-imidazole ; 
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5- (cyclohexyl) -4- [4- (methylsulf onyl ) phenyl ] -2- 
( trif luoromethyl ) -lH-imidazole ; 

4- [4- (methylsulf onyl) phenyl] -5- (2-thiophenyl ) -2- 
( trif luoromethyl) -lH-imidazole; 

5- (4-chloro-3-methylphenyl) -4- [4- 

( methylsulf onyl) phenyl] -2- ( trif luoromethyl ) -1H- 
imidazole; 

5- (4-cycloheptyl) -4- [4- (methylsulf onyl ) phenyl] -2 - 

(trif luoromethyl) -lH-imidazole; 
5- (4-fluoro-3-methylphenyl) -4- [4- 

(methylsulfonyl) phenyl] -2- ( trif luoromethyl ) -1H- 
imidazole; 

5- (cyclopentyl) -4- [4- (methylsulf onyl ) phenyl ] -2- 
( trif luoromethyl ) -lH-imidazole ; 

4- [4- (methylsulf onyl) phenyl] -5- (3-thiophenyl ) -2- 
( trif luoromethyl) -lH-imidazole; 

5- (3-f louro-2-methylphenyl) -4- [4- 

(methylsulfonyl) phenyl] -2- ( trif luoromethyl ) -1H- 
imidazole; 

5- (4-chloro-3-methoxyphenyl) -4- [4- 

(methylsulfonyl) phenyl] -2- (trif luoromethyl ) -1H- 
imidazole; 

5- (4-f luorophenyl) -2- (methoxymethyl ) -4- [4- 

( methylsulf onyl) -phenyl] -lH-imidazole ; 
4- (4-f luorophenyl) -5- [4- (methylsulf onyl ) phenyl ] -2 - [ (2- 

propenyloxy ) methyl ] -lH-imidazole ; 
2- (ethoxymethyl) -4- (4-f luorophenyl) -5- [4- 

(methylsulfonyl ) phenyl ] -lH-imidazole; 
4- (4-f luorophenyl) -5- [4- (methylsulf onyl ) phenyl ] -2 - 

(phenyl -methoxymethyl) -lH-imidazole ; 

1- [4- (4-f luorophenyl) -5- [4- (methylsulf onyl ) phenyl ] -1H- 
imidazol-2-yl ] ethanone; 

2- (2-bromophenyl) -1- [4- (4-f luorophenyl ) -5- [4- 

(methylsul f onyl ) phenyl ] -lH-imidazol-2 -yl ] ethanone ; 
1- (4- (4-f luorophenyl) -5- [4 -methylsulf onyl) phenyl ] -1H- 
imidazol -2 -yl ] -3 -phenyl -1 -propanone ; 
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1- [5 - (4-f luorophenyl) -4- [4- (methylsulf onyl ) phenyl] -1H- 

imidazol -2 -y 1 ] -2 -phenylethanone ; 
[5 - (4-f luorophenyl) -4- [4- (methylsulf onyl ) phenyl ] -1H- 
imi da z o 1 - 2 -y 1 ] pheny lme t hanone ; 
5 1- [5- (4-f luorophenyl) -4- [4- (methylsulf onyl ) phenyl ] -1H- 
imidazol-2-yl] -4-phenyl-l-butanone; 
2 2 2-trifluoro-l- [4- (4-f luorophenyl) -5- [4- 

' me thylsulfonyl)phenyl]-lH-imidazol-2-yl]ethanone; 
4- (4-f luorophenyl) -5- (4- (methylsulf onyl ) phenyl ] -a- 
10 (trifluoromethyl) -lH-imidazole-2-methanol; 

4 - { 4 - f luorophenyl ) -a-me thy 1 -5-14- 

(methylsulfonyl)phenyl] -a- ( trifluoromethyl ) -1H- 

imidazole- 2 -methanol ; 
4- (4-f luorophenyl) -5- [4- (methylsulf onyl ) phenyl] -2- 
15 ( phenyl -sulf onyl) -lH-imidazole ; 

4- (4-f luorophenyl) -a-methyl-5- [4- 

(methylsulfonyl)phenyl]-lH-imidazole-2-methanol; 

4- (4-f luorophenyl) -2- (1-methoxyethyl) -5- [4- (methyl- 
sulf onyl) phenyl] -lH-imidazole; and 
2- (1, 1-dif luoroethyl) -4- (4-f luorophenyl) -5- [4- (methyl- 
sulf onyl ) phenyl ] -1H- imidazole . 

6 . A compound of Formula II 

,S0 2 R 5 

II 



20 



25 




30 



wherein is selected from lower alkyl, lower 
haloalkyl, lower aralkyl, lower heterocyclxcalkyl , 
lower heteroaralkyl, acyl, cyano, mercapto, lower 
aikoxy, lower alkylthio, lower alkylthioalkyl , lower 
alkylsulfonyl, lower haloalkylsulf onyl , lower 
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arylsulfonyl, halo, lower hydroxyalkyl , lower 
alkoxyalkyl, lower alkenyloxyalkyl , lower 
alkylcarbonyl , lower arylcarbonyl , lower 
aralkylcarbonyl , lower cyanoalkyl, lower aralkenyl, 
5 lower aminoalkyl, lower alkylaminoalkyl , lower N- 

arylaminoalkyl, lower N-alkyl-N-arylaminoalkyl , lower 
carboxyalkyl, lower alkoxycarbonylalkyl , lower 
alkoxycarbonyl, lower haloalkylcarbonyl , carboxyl , 
aminocarbonyl , lower alkylaminocarbonyl , lower 
10 alkylaminocarbonylalkyl, lower aralkoxy, lower 

aralkylthio, phenylsulf onyl , lower aralkylsulf onyl , 
lower heteroaralkoxy , lower heteroaralkylthio , lower 
heteroarylalkoxyalkyl, lower heteroaryloxyalkyl , lower 
heteroarylthioalkyl, lower heteroarylalkylthioalkyl , 
15 heteroaryloxy, heteroarylthio, lower arylthioalkyl , 
lower aryloxyalkyl, lower arylthio, aryloxy, lower 
aralkylthioalkyl, lower aralkoxyalkyl , lower 
alkoxyaralkoxyalkyl, aryl and heteroaryl, wherein the 
aryl and heteroaryl radicals are optionally substituted 
2 0 at a substitutable position with one or more radicals 
selected from halo, lower alkylthio, lower 
alkylsulf inyl, lower alkyl, cyano, lower haloalkyl, 
lower hydroxyl, lower alkoxy, lower hydroxyalkyl and 
lower haloalkoxy; wherein R 2 is selected from 

2 5 heteroaryl, lower cycloalkyl, lower cycloalkenyl , and 

aryl, wherein the heteroaryl, lower cycloalkyl, lower 
cycloalkenyl, and aryl radicals are substituted with 
one or more radicals selected from hydrido, halo, lower 
alkylthio, lower alkylsulf inyl , lower alkylsulf onyl , 

3 0 lower alkyl, cyano, carboxyl, lower alkoxycarbonyl , 

lower haloalkyl, hydroxyl, lower alkoxy, lower 
hydroxyalkyl, lower alkoxyalkyl, lower haloalkoxy, 
amino, lower alkylamino, arylamino and nitro; and 
wherein R 5 is selected from lower alkyl and amino; 
3 5 provided R 1 is not lower alkyl when R 5 is methyl 

and when R 2 is phenyl or phenyl substituted with 
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methyl, methoxy or chloro; further provided Rl is not 

a,a -bis ( trif luoromethyl ) methanol , 

a, a -bis (trif luoromethyl) me thanamine, 

a, a -bis ( trif luoromethyl) methanol, acetate ester, or 
5 trif luoroacetyl when R 5 is methyl; or a 
pharmaceutically-acceptable salt thereof. 

7. Compound of Claim 6 wherein R 1 is selected 
from lower heterocyclicalkyl , lower heteroaralkyl , 
10 acyl, cyano, mercapto, lower alkoxy, lower alkylthio, 
lower alkylthioalkyl, lower alkylsulf onyl , lower 
haloalkylsulfonyl, lower arylsulf onyl , halo, lower 
alkenyloxyalkyl, lower alkylcarbonyl , lower 
arylcarbonyl , lower aralkylcarbonyl , lower 
15 cyanoalkyl, lower aralkenyl, lower aminoalkyl, lower 
alkylaminoalkyl, lower N-arylaminoalkyl , lower N- 
alkyl-N-arylaminoalkyl, lower alkoxycarbonyl , lower 
haloalkylcarbonyl, aminocarbonyl , lower 
alkylaminocarbonyl, lower alkylaminocarbonylalkyl , 
2 0 lower aralkoxy, lower aralkylthio, phenylsulf onyl , 

lower heteroaralkoxy, heteroaryloxy , heteroarylthio, 
lower arylthioalkyl, lower aryloxyalkyl , lower 
arylthio, aryloxy, lower aralkylthioalkyl , lower 
aralkoxyalkyl, lower alkoxyaralkoxyalkyl , aryl and 
25 heteroaryl, wherein the aryl and heteroaryl radicals 
are optionally substituted at a substitutable 
position with one or more radicals selected from 
halo, lower alkylthio, lower alkylsulf inyl , lower 
alkyl, cyano, lower haloalkyl, lower hydroxyl , lower 
3 0 alkoxy, lower hydroxyalkyl and lower haloalkoxy; 
wherein R 2 is selected from heteroaryl, lower 
cycloalkyl, lower cycloalkenyl , and aryl, wherein the 
heteroaryl, lower cycloalkyl, lower cycloalkenyl, and 
aryl radicals are substituted with one or more 
35 radicals selected from hydrido, halo, lower 

alkylthio, lower alkylsulf inyl , lower alkylsulf onyl , 
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lower alkyl, cyano, carboxyl , lower alkoxycarbonyl , 
lower haloalkyl, hydroxyl , lower alkoxy, lower 
hydroxyalkyl , lower alkoxyalkyl, lower haloalkoxy, 
amino, lower alkylamino, arylamino and nitro; and 
5 wherein R 5 is selected from lower alkyl and amino; 
or a pharmaceutically-acceptable salt thereof. 

8. Compound of Claim 6 wherein R 1 is selected 
from lower alkyl, lower haloalkyl, lower 

10 hydroxyalkyl, lower alkoxyalkyl, lower 
aralkylsulf onyl , lower arylthioalkyl , 
heteroarylalkoxyalkyl , lower heteroaryloxyalkyl , 
lower heteroarylthioalkyl , lower 

heteroarylalkylthioalkyl, lower aralkylthio, and 
15 lower aralkoxy; wherein R 2 is selected from 
heteroaryl, cycloalkyl and aryl, wherein the 
heteroaryl, cycloalkyl and aryl radicals are 
substituted at a substitutable position with one or 
more radicals selected from hydrido, halo, lower 
2 0 alkylthio, lower alkylsulf inyl , lower alkylsulf onyl , 
lower alkyl, cyano, carboxyl, lower alkoxycarbonyl , 
lower haloalkyl, hydroxyl, lower alkoxy, lower 
hydroxyalkyl, lower alkoxyalkyl, lower haloalkoxy, 
amino, lower alkylamino, phenylamino and nitro; and 
25 wherein R 5 is selected from lower alkyl and amino; or 
a pharmaceutically-acceptable salt thereof. 

9 . A compound of Formula III 



30 




III 



wherein R 1 is selected from lower alkyl, lower 
haloalkyl, lower aralkyl, lower heterocyclicalkyl , 
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lower heteroaralkyl, acyl, cyano, mercapto, lower 
alkoxy, lower alkylthio, lower alkylthioalkyl , lower 
alkylsulf onyl, lower haloalkylsulf onyl , lower 
arylsulfonyl, halo, lower hydroxyalkyl , lower 
5 alkoxyalkyl, lower alkenyloxyalkyl , lower 
alkylcarbonyl, lower arylcarbonyl , lower 
aralkylcarbonyl, lower cyanoalkyl, lower aralkenyl, 
lower aminoalkyl, lower alkylaminoalkyl , lower N- 
arylaminoalkyl , lower N-alkyl-N-arylaminoalkyl , lower 
10 carboxyalkyl, lower alkoxycarbonylalkyl , lower 

alkoxycarbonyl, lower haloalkylcarbonyl , carboxyl, 
aminocarbonyl , lower alkylaminocarbonyl , lower 
alkylaminocarbonylalkyl, lower aralkoxy, lower 
aralkylthio, phenylsulf onyl , lower aralkylsulf onyl , 
15 lower heteroaralkoxy , lower heteroaralkylthio , lower 
heteroarylalkoxyalkyl, lower heteroaryloxyalkyl , 
lower heteroarylthioalkyl, lower 
heteroarylalkylthioalkyl , heteroaryloxy , 
heteroarylthio, lower arylthioalkyl , lower 
2 0 aryloxyalkyl, lower arylthio, aryloxy, lower 
aralkylthioalkyl, lower aralkoxyalkyl , lower 
alkoxyaralkoxyalkyl, aryl and heteroaryl, wherein the 
aryl and heteroaryl radicals are optionally 
substituted at a substitutable position with one or 
25 more radicals selected from halo, lower alkylthio, 
lower alkylsulf inyl, lower alkyl, cyano, lower 
haloalkyl, lower hydroxy 1, lower alkoxy, lower 
hydroxyalkyl and lower haloalkoxy; wherein R 2 is 
selected from heteroaryl, lower cycloalkyl, lower 
3 0 cycloalkenyl, and aryl, wherein the heteroaryl, lower 
cycloalkyl, lower cycloalkenyl, and aryl radicals are 
substituted with one or more radicals selected from 
hydrido, halo, lower alkylthio, lower alkylsulf inyl , 
lower alkylsulf onyl, lower alkyl, cyano, carboxyl, 
35 lower alkoxycarbonyl, lower haloalkyl, hydroxy 1 , 

lower alkoxy, lower hydroxyalkyl, lower alkoxyalkyl, 
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lower haloalkoxy, amino, lower alkylamino, arylamino 
and nitro; wherein R 4 is selected from lower alkyl 
and acyl; and wherein R 5 is selected from lower alkyl 
and amino; or a pharmaceutically-acceptable salt 
thereof . 

10. A pharmaceutical composition comprising a 
therapeutically-ef f ective amount of a compound, said 
compound selected from a family of compounds of Claim 
1; or a pharmaceutically-acceptable salt thereof. 

11 . A pharmaceutical composition comprising a 
therapeutically-ef f ective amount of a compound, said 
compound selected from a family of compounds of Claim 
2; or a pharmaceutically-acceptable salt thereof. 

12. A pharmaceutical composition comprising a 
therapeutically-ef fective amount of a compound, said 
compound selected from a family of compounds of Claim 
3; or a pharmaceutically-acceptable salt thereof. 

13. A pharmaceutical composition comprising a 
therapeutically-ef fective amount of a compound, said 
compound selected from a family of compounds of Claim 
4; or a pharmaceutically-acceptable salt thereof. 

14. A pharmaceutical composition comprising a 
therapeutically-ef fective amount of a compound, said 
compound selected from a family of compounds of Claim 
5; or a pharmaceutically-acceptable salt thereof. 

15. A pharmaceutical composition comprising a 
therapeutically-ef fective amount of a compound, said 
compound selected from a family of compounds of Claim 
6; or a pharmaceutically-acceptable salt thereof. 
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16. A pharmaceutical composition comprising a 
therapeutically-ef f ective amount of a compound, said 
compound selected from a family of compounds of Claim 
9; or a pharmaceutically-acceptable salt thereof. 

17 . A method of treating inflammation or an 
inflammation-associated disorder in a subject, said 
method comprising administering to the subject having 
or susceptible to such inflammation or inflammation- 
associated disorder, a therapeutically-ef f ective 
amount of a compound of Claim 1; or a 
pharmaceutically-acceptable salt thereof. 

18. A method of treating inflammation or an 
inflammation-associated disorder in a subject, said 
method comprising administering to the subject having 
or susceptible to such inflammation or inflammation- 
associated disorder, a therapeutically-ef f ective 
amount of a compound of Claim 2 ; or a 
pharmaceutically-acceptable salt thereof. 

19 . A method of treating inflammation or an 
inflammation-associated disorder in a subject, said 
method comprising administering to the subject having 
or susceptible to such inflammation or inflammation- 
associated disorder, a therapeutically-ef f ective 
amount of a compound of Claim 3 ; or a 
pharmaceutically-acceptable salt thereof. 

20. A method of treating inflammation or an 
inflammation-associated disorder in a subject, said 
method comprising administering to the subject having 
or susceptible to such inflammation or inflammation- 
associated disorder, a therapeutically-ef f ective 
amount of a compound of Claim 4; or a 
pharmaceutically-acceptable salt thereof. 
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21. A method of treating inflammation or an 
inflammation-associated disorder in a subject, said 
method comprising administering to "the subject having 
5 or susceptible to such inflammation or inflammation- 
associated disorder, a therapeutically-ef f ective 
amount of a compound of Claim 5; or a 
pharmaceutically-acceptable salt thereof . 

10 22 . A method of treating inflammation or an 

inflammation-associated disorder in a subject, said 
method comprising administering to the subject having 
or susceptible to such inflammation or inflammation- 
associated disorder, a therapeutically-ef f ective 

15 amount of a compound of Claim 6; or a 

pharmaceutically-acceptable salt thereof. 

23. A method of treating inflammation or an 
inflammation-associated disorder in a subject, said 

2 0 method comprising administering to the subject having 

or susceptible to such inflammation or inflammation- 
associated disorder, a therapeutically-ef f ective 
amount of a compound of Claim 9; or a 
pharmaceutically-acceptable salt thereof. 

25 

24. The method of Claim 17 for use in treatment 
of inflammation. 

25. The method of Claim 17 for use in treatment 

3 0 of an inflammation-associated disorder. 

26. The method of Claim 25 wherein the 
inflammation-associated disorder is arthritis. 

35 27. The method of Claim 25 wherein the 

inflammation-associated disorder is pain. 
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28. The method of Claim 2 5 wherein the 
inflammation-associated disorder is fever. 
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